ZOOLOGICAL RESEARCH 


How to write an appealing scientific story 


One of the fundamental aspects of the scientific ideal is to 
disseminate important findings and communicate with peers 
fairly, freely and openly. After you've sweated for weeks, months 
or even years in the lab, fretted each night about experimental 
progress, and finally achieved amazing western blot films, brain 
slices and cellular images or discovered novel rat behavior, the 
next thing to do is to announce to the world that you've found 
SOMETHING! However, how can you ensure your voice does 
not drown and vanish in the current flood of global information? 
An effective and permanent way is to publish your article in a 
reputable, peer-reviewed journal. Although the procedure for 
preparing a scientific manuscript can be complicated, there are 
a few tips we would like to share with you before you start 
writing. 

Each journal has slightly different format requirements. It is 
important, therefore, to read the author guidelines or a few past 
issues of the target journal to help with your later writing. A 
scientific manuscript generally follows a relatively rigid structure 
(usually title, abstract, introduction, materials and methods, 
results, discussion, conclusions, references, as well as tables 
and figures). This not only provides an easy-to-read structure, 
but also enables readers to effortlessly find the section in which 
they are most interested. Therefore, not only does the full- 
length context need to be informative, concise, consistent and 
attractive, each part of the manuscript also has to make sense 
when it is read in isolation. Another feature of scientific 
publication is that for a large proportion of readers English is a 
second language and the field of science being discussed 
might be outside of their immediate discipline, so accuracy and 
clarity of expression are critical for comprehensibility. Therefore, 
use simply constructed and lightly packed sentences, while 
avoiding jargon or acronyms whenever possible. 

A memorable and informative title is what initially grabs a 
reader's attention. Therefore, try to write a title that effectively 
and fully conveys the major points of your research. General or 
vague expressions are title killers. A useful tip for increasing the 
visibility of your article during web searching is to use one or 
two keywords within the title. 

Although the abstract summarizes the essential information 
of the article, it is usually written last. As many readers will only 
retrieve or scan the abstract in their initial reading, it must 
succinctly describe the question posed in the article, the 
methods used to answer this question, the results obtained and 
the conclusions drawn. This allows a reader to gain a quick 
understanding of the key points of your research, without 
having to read through the entire manuscript. This point 
deserves serious thought and consideration because a short 
and comprehensible abstract, which embodies the goals and 
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findings of your study, will ensure increased readership and 
boosted citations. 

It is reasonable that after an author has reviewed a significant 
amount of literature before finishing their own studies, they 
would like to pass on to readers all they have learned in the 
process. However, too much background information, instead of 
stimulating interest, will actually weaken the readability of an 
article. Readers can easily drift or become bogged down with 
knowledge overload, never actually discovering your novel 
findings from within the sea of information. Thus, throughout the 
manuscript, especially the introduction and discussion, do not 
hesitate to cut unnecessary or redundant information. 

The methods and results sections are descriptive and are 
commonly accompanied with tables and figures. In these 
sections, enough detail must be provided to verify the findings 
and to enable replication by other researchers. Results must be 
presented clearly and logically, without the addition of self- 
comment or self-evaluation, and include findings relevant to the 
questions raised in the introduction, even if they do not support 
your hypothesis. In addition, effective use and careful planning 
of pertinent tables and figures will add clarity to the text. 

Cited references are most likely found in the introduction and 
discussion, though can also be used in the methods. Common 
resources include articles in peer-reviewed journals, books, 
Masters and PhD theses or dissertations and conference 
proceedings. The criteria in choosing a reference is both its 
validity and availability. When using references in the text, be 
succinct, extract the core material only, and rephrase it in your 
own words. Importantly, always cite the source when the idea is 
not your own, but do not cite unpublished ideas. 

Last but not least, be confident and open-minded. When you 
have finished, proofread your article several times and ask for 
feedback from your colleagues on its scientificity, objectivity, 
accuracy and consistency. Writing a scientific paper is like writing 
a story — it is an art, but it certainly improves with practice. 

We hope the above content is useful to you. Some authors 
have been submitting to Zoological Research for many years, 
and we are very glad to witness the evolution of both their 
writing skills and the depth of their research. We look forward to 
seeing your best work in the near future. 


Sincerely yours, 


< j 
ua UAR NI 


Editorial Director 
Kunming Institute of Zoology, Chinese Academy of Sciences, 
Kunming 650223, Chinaa 
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Kunming Natural History Museum of Zoology 


The Kunming Natural History Museum of Zoology is located in the campus of Kunming Institute of Zoology (KIZ), 
the Chinese Academy of Sciences (CAS). The museum occupies 7 350 square meters, including a research 
specimen library, a science awareness hall and a multi-functional reference room. The museum is currently 
housing the most substantial collections of zoological specimens in southwest China. 

So far, the Museum have 700 000+ individual specimens in storage, including 200 000+ fish specimens, 40 
000+ amphibian and reptile specimens, 24 000+ bird specimens, 19 000+ mammal specimens and 400 000+ 
insect specimens, and among them, 6 000+ specimens are on display. The collections focus on the southern 
fauna in China, encompassing the diverse and unique animal resources of the "animal kingdom"-Yunnan 
province. 

The science awareness hall of the museum is open to the public since November 2006. The specimens on 
display are arranged vividly with the background of environmental dioramas, reflecting the features, 
identifications and distributions of the species, as well as the biodiversities of ecosystems. Moreover, three 
interactive systems intended for public outreach are available. 

Each year, the Museum hosts two rotating themed-public exhibitions aim at educating the public on 
conservation, biodiversity, poaching, scientific research and education, as well as public science days and tours 
for primary and second school children. 

For more information, please visit the museum homepage: www.dwbwg.org. 
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ABSTRACT 


Identity recognition is one of the most critical social 
behaviours in a variety of animal species. 
Microchiropteran bats present a special use case of 
acoustic communication in the dark. These bats use 
echolocation pulses for navigating, foraging, and 
communicating; however, increasing evidence 
suggests that echolocation pulses also serve as a 
means of social communication. Compared with 
echolocation signals, communication calls in bats 
have rather complex structures and differ 
substantially by social context. Bat acoustic signals 
vary broadly in spectrotemporal space among 
individuals, sexes, colonies and species. This type of 
information can be gathered from families of 
vocalizations based on voice characteristics. In this 
review we summarize the current studies regarding 
vocal identity recognition in microbats. We also 
provide recommendations and directions for further 
work. 
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INTRODUCTION 


Microchiropteran bats present a special case for vocal 
communication studies as they produce two different vocal 
signals: echolocation pulses and social calls. Social calls 
normally have low frequencies (<20 kHz) and are usually 
audible to humans (Fenton, 2003). In contrast, the ultrasonic 
echolocation pulses are transferred farther and can be heard by 
other bats (Fenton, 2003). The adaptive functions of the social 
calls include courtship displays (Behr & Von Helversen, 2004), 
group cohesion (Chaverri et al, 2010), and reunion of offspring 
and mother (Bohn et al, 2007). Echolocation pulses have 
traditionally been thought of as a tool to enable bats to navigate 
through their environments and to estimate the location and 
distance of targets, such as food (Schnitzler et al, 2003). 
However, as with social calls, echolocation pulses play a vital 
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role in social communication. Social information, including that 
pertaining to individual (Yovel et al, 2009), species (Dorado- 
Correa et al, 2013) and sex (Kazial & Masters, 2004; 
Knórnschild et al, 2012b), is encoded in echolocation pulses. 
Individual recognition, that is, distinguishing between mates, 
offspring, siblings, friends and rivals (Tibbetts & Dale, 2007), is 
a critical social behavior in many animals. It is most often 
achieved via visual, olfactory or acoustical cues (Tibbetts & 
Dale, 2007). Acoustical cues have been described as an 
important characteristic by which to identify individuals in some 
animals, i.e., frogs (Burmeister & Wilczynski, 2000), birds 
(Aubin & Jouventin, 2002), and mammals (Root-Gutteridge et al, 
2014). To avoid costly hybridization, species recognition plays 
an important role in pre-mate isolation (Hopkins & Bass, 1981). 
In microchiropteran bats, the vast majority of research about 
individual recognition and species recognition by acoustical 
cues are associated with social contexts: maternal care, group 
cohesion and eavesdropping (Table 1, Figure 1). Isolation calls 
distinguish individuals, which helps mothers recognize their own 
pups. Contact calls, which are often individual-specific or group- 
specific, ensure adult bats can recognize individuals from a 
certain group. Echolocation pulses can be individual-specific or 
species-specific and are, therefore, most often used for individual 
or species recognition. The following section provides a short 
overview of the current knowledge on voice identity recognition in 
microbats, after which we propose that bats are well suited for 
vocal identity recognition and suggest areas for further study. 


SOCIAL CALLS 


Social calls in bats are used to maintain contact with 
conspecifics and to facilitate group cohesion. Statistical analysis 
has shown that various social calls are individual-specific and 
species-specific, each individual and species having unique 
acoustic parameters (Melendez & Feng, 2010; Pfalzer & Kusch, 
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Table1 Call variation and social context in different bats 


Call types 


Variation Social context 


Species 


References 





Isolation calls 


Contact calls 


Individual-specific Mother-pup reunion 


Individual-specific Group cohesion 


Group-specific Group cohesion 


Echolocation pluses Individual-specific Unknown 


Group-specific Unknown 


Species-specific Species recognition 


Tadarida brasiliensis 
Phyllostomus hastatus 
Carollia perspicillata 
Diaemus youngi 
Thyroptera tricolor 


Megaderma lyra 
Phyllostomus hastatus 


Saccopteryx bilineata 
Myotis lucifugus 


Noctilio albiventris 


Balcombe, 1990 

Bohn et al, 2007 
Knórnschild et al, 2013 
Carter et al, 2008 
Chaverri et al, 2012 
Kastein et al, 2013 


Boughman, 1998; Boughman 
& Wilkinson, 1998 


Knórnschild et al, 2012a 
Kazial et al, 2008a 
Voigt-Heucke et al, 2010 


Rhinolophus ferrumequinum, Rhinolophus mehelyi, Schuchmann & Siemers, 


Rhinolophus euryale, Rhinolophus hipposideros. 2010 


Nyctalus noctula, Myotis capaccinii, Pipistrellus 


H ; E Dorado-Correa, 2013 
nathusii, Myotis daubentonii. 


Rhinolophus macrotis, Rhinolophus lepidus, |. 
$ 5S Li et al, 2014 
Rhinolophus sinicus. 


Kazial & Masters, 2004 
Knórnschild et al, 2012b 
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Figure 1 Different vocalization types from different bat species 
A: Pup isolation calls of Carollia perspicillata (Knórnschild et al, 2013); B: 
Contact calls of Thyroptera tricolor (Chaverri et al, 2012); C: Echolocation 
calls of three bat species. 
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2003). Two of the social calls used by bats, isolation and 
contact calls, have been shown through behavioral studies to 
be used in individual and species recognition. 


Isolation calls 

Newborn bats are incapable of living independently and their 
survival depends entirely on maternal support and nourishment. 
Their mothers are critical for nutrition and thermoregulation 
(Lausen & Barclay, 2003). Pup vocalizations, known as isolation 
calls, are one of the mechanisms by which pups attract their 
mother's attention to provide them with maternal care and to 
facilitate their mother being able to discriminate between their 
own pup and individuals of other microchiropteran bat species, 
such as Tadarida brasiliensis (Balcombe, 1990), Phyllostomus 
hastatus (Bohn et al, 2007) and Carollia perspicillata 
(Knórnschild et al, 2013). Infant isolation calls are common 
precursors to adult echolocation pulses and communication 
vocalizations (Monroy et al, 2011). 

Knórnschild et al (2013) measured the call parameters from 
different pups and extracted the principal components. 
Discriminant function analysis classified individuals to their 
class successfully above the level of chance, based on the 
principal components. This provides statistical evidence for the 
presence of individual signatures in isolation calls. Furthermore, 
behavioural research has demonstrated that mothers can 
recognize their own pups based on isolation calls. All of the 
mothers under study were presented with two isolation calls: 
one emitted by their own pup and one from a pup living in the 
same colony. The aim of the experiment was not to see if the 


mothers could distinguish between familiar and unfamiliar calls 
but rather between the calls of two familiar individuals. They 
found that the mothers focused more attention on their own 
pups' isolation calls than on that of the other pups. Inter- 
individual variability of acoustic parameters is essential for 
successful individual recognition. Individual signatures encoded 
in calls can be tested for by discriminant analysis and 
habituation-rehabituation playback experiments. 


Contact calls 

Contact calls have been thought to encode a great deal of 
information about the caller to facilitate individual recognition or 
group member recognition in many animals (Bradbury & 
Vehrencamp, 2011). They can help adult bats relocate group 
members after periods of separation and to maintain group 
cohesion. 

Individual signatures are often encoded in bats' contact calls, 
which enable them to recognize their group members. In 
analyses of the structure of contact calls, researchers have 
found that Antrozous pallidus (Arnold & Wilkinson, 2011) and 
adult vampire bats (Diaemus youngi, Desmodus rotundus, 
Diphylla ecaudata) (Carter et al, 2012) exhibit significant 
differences among individuals. Behavioural observations found 
that Thyroptera tricolor (Chaverri et al, 2012; Gillam & Chaverri, 
2012), D. youngi (Carter et al, 2008), and Megaderma lyra 
(Kastein et al, 2013) use contact calls for individual 
recognition. In particular, M. lyra is able to distinguish 
between familiar individuals from the same group based on 
their contact calls. Furthermore, they recognize the 
individuals based on a novel contact call. It was argued that 
contact calls, which are composed of three different 
syllables, are much more complex than echolocation pluses, 
and could guarantee the detection of a novel stimulus 
(Kastein et al, 2013). Interestingly, T. tricolor (Chaverri et al, 
2012) have antiphonal calling: "inquiry" calls and "response" 
calls. "Inquiry" calls are emitted by flying bats seeking a 
roost or roost mates; "response" calls are elicited from 
individuals who have already located a roost and 
"Response" calls are emitted by roosting bats after the flying 
bats have entered the roost. They provide information about 
the caller's identity and their location. Flying and roosting 
bats respond differently to calls from group members and 
non-members. Flying bats can discriminate between group 
members and non-members based on their "inquiry" and 
"response" calls. However, roosting bats show no preference 
for "inquiry" calls from group members over "inquiry" calls 
from non-members. The benefits of accepting non-members 
(roosting bats involve deception) and the costs of flying may 
contribute to this behavior (Chaverri et al, 2012). 

Like for many animals, call convergence results from vocal 
production learning. After finding group-specific calls in wild bats, 
Boughman (1998) studied vocal convergence by transferring 
female bats between two social groups reared in separate 
rooms. Two groups of wild-caught adult bats and their offspring 
were used in the experiment. Before being transferred, the 
offspring were separated from the adults and kept alone in their 
respective rooms. After the screech calls of some of the 


younger bats were recorded, they were then transferred from 
one room to another at the age at which the bats would 
normally disperse from their natal roosts to join new social 
groups. Before being transferred, the calls of the bats being 
transferred differed from those in the group they joined. Calls 
from the transfer and resident individuals converged a month 
after the transfer. After five months there was no statistical 
difference between the calls. Both resident and transferring bats 
adjusted the acoustic structure of their calls to reach a new 
shared group-specific call during the transfer. This 
demonstrates that call convergence in these bats occurs 
through vocal production learning. 

Vocal learning may allow vocal signals to become more 
recognizable in individual bats when signal similarity is essential 
for choosing a group. Phyllostomus hastatus uses the group- 
specific calls resulting from vocal production learning to 
maintain social groups (Boughman & Wilkinson, 1998). Group 
signatures encoded in isolation calls are also the result of vocal 
production learning, as opposed to genetic factors as in the 
greater sac-winged bat, Saccopteryx bilineata, who lives in 
harem-based, resource defence polygyny with patrilineal kin 
groups and female-biased natal dispersal (Knórnschild et al, 
2012a). Pups of both sexes, as well as adult males, use 
isolation calls with a constant individual signature and a group 
signature at the same time. They utter isolation calls for 
different purposes. Pups use the calls to attract maternal care. 
Adult males use the calls to appease dominant harem males 
and as courtship songs to court unfamiliar females. When 
courting nonresident females from a different natal colony, 
harem males produce complete isolation calls. By contrast, 
harem males never produce courtship songs with isolation call 
end syllables when courting resident females from the same 
natal colony. Based on these observations, Knórnschild et al 
(2012a) argued that the learned group-specific isolation calls 
may associate individuals with their natal colony, providing 
access to a colony and helping to ensure that inbreeding is 
avoided. 

One of the hypotheses, the password hypothesis, has been 
proposed to explain vocal convergence among members of a 
group. Dahlin et al (2013) explained the password hypothesis 
by saying that "groups are exclusive and shared calls act as 
passwords that allow group members to distinguish between 
strangers and residents and to expel strangers". The findings in 
P. hastatus (see above) and S. bilineata may support the 
password hypothesis. Boughman & Wilkinson (1998) found that 
P. hastatus uses the group-specific calls to defend food 
resources and to discriminate between familiar group members 
and strangers. Females from the same colony forage closer to 
each other than females from different colonies. The authors 
suggested that the group-specific call is a password to access 
to food resources. However, there are numerous possible 
functions associated with vocal convergence, including: 
maintainance of group cohesion, an affiliate signal to ease the 
integration of new members into a group, and escalating 
threat in agonistic encounters (Tyack, 2008). Much more data 
are needed to fully understand the reason why bat calls 
converge. 
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ECHOLOCATION PULSES 


Bat echolocation pulses, as with their social calls, have been 
shown to be individual-specific, colony-specific and species- 
specific, which facilitates the recognition of individuals and 
familiar group members. Kazial et al (2008b) examined 
individual signatures in echolocation pulses produced by 
crawling Myotis lucifugus. Call variables had a high level of 
repeatability indicating individual identity information within calls, 
and discriminant function analysis successfully classified calls 
down to the individual level, above the level of chance. 
Echolocation pulses emitted by flying bats show more additional 
variation compared with those produced by crawling bats 
(Kazial et al, 2008b). In a habituation-rehabituation experiment, 
bats successfully recognized individuals based on echolocation 
pulses produced by crawling bats (Kazial et al, 20088). 
Echolocation pulses in Noctilio albiventris differ among colonies. 
The similarity of the call stimuli presented is critical for individual 
recognition by voice. Recognition by voice is a process based 
on an extraction of acoustic parameters and their comparison 
with memorised templates (Sidtis & Kreiman, 2012). If they are 
close to the limen of the receiver, then the adjacent stimulus is 
perceived as equal. In big brown bats, the frequency-time 
structure of echolocation pulses is simple and there is low intra- 
individual variability. Compared with the simple echolocation 
pulses of big brown bats, the contact calls of M. /yra consist of 
different syllable types with high intra-individual variability 
(Kastein et al, 2013). Therefore, big brown bats were not able to 
detect a novel echolocation pulse from the same individual 
(Kazial et al, 2008a) but the M. lyra has achieved this. 

Not only do microbats identify individuals based on 
echolocation pulses, but they can also identify heterospecifics 
based on echolocation pulses. Lesser bulldog bats (Noctilio 
albiventris) use echolocation pulses to identify familiar 
conspecifics, roommates, and heterospecies (Voigt-Heucke et 
al, 2010). In captivity, some bat species are able to discriminate 
between the echolocation pulses of conspecifics from different 
sympatric species (Li et al, 2014; Schuchmann & Siemers, 
2010). Likewise, wild bats find foraging or roosting locations 
based on the echolocation pulses of both conspecifics and the 
sympatric heterspecific species (Dorado-Correa et al, 2013; 
Schoner et al, 2010). They are more attracted to similar 
echolocation pulses of heterospecific than to less similar 
echolocation pulses. This may suggest that echolocation pulses 
provide information about food sites, which are used by 
conspecifics and the sympatric heterspecifics species to find 
food sites. 

Each species has unique spectrotemporal structures in their 
echolocation pulses. Russo et al (2007) proposed that species 
recognition contributes to divergence in constant-frequency 
calls of sympatric species. Some species information is 
encoded in the constant-frequency of echolocation pulses. 
However, complete differentiation of the frequency bands is 
not essential for species recognition (Li et al, 2014; 
Schuchmann & Siemers, 2010). To some degree, these facts 
have refuted the hypothesis that recognition contributes to the 
divergence of calls. Therefore, attention should be focused on 
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studying the significance of whole-structure echolocation 
pulses and other call features for species recognition. 


DISCUSSION 

Familiar voices play a major part in the biology of 
communication. It may be to signal reproductive fitness, foster 
mother / infant reunifications and bonding, determine friend and 
foe or to enable the formation of social groups (Sidtis & 
Kreiman, 2012). Vocal identity recognition is a process based 
on the extraction of acoustic parameters and their comparison 
with memorised templates (Sidtis & Kreiman, 2012). Many bat 
species are both very gregarious and long-lived (McCracken & 
Wilkinson, 2000), providing ample opportunity to evaluate their 
calls and create templates. Moreover, many microbat families 
have been found to be capable of vocal identity recognition 
(Table 1). Therefore, we think bats may be a promising taxon in 
which to study vocal identity recognition. 

Bats build close relationships between stimulus structure and 
discrimination behavior. A combination of statistical and 
habituation-rehabituation playback methods can be used to 
demonstrate individual recognition by acoustical cues. 
Discriminant analysis is an important multivariate statistical 
method used to classify the call type. After the parameters from 
each call have been measured, a principal component analysis 
can be performed to extract the principal components that 
explain most of the total call variance. If discriminant function 
analysis successfully classifies calls to class above the level of 
chance, it suggests that the call can be used in recognition. 
However, the habituation-rehabituation playback experiment or 
spontaneous presentation experiment can test identity 
recognition on a behavioral level: by presenting different calls 
and observing receiver responses. Subjects are habituated to 
sounds from one speaker and then tested on whether they 
dishabituate the sounds of a different speaker. For example, a 
combination of statistics and a  habituation-rehabituation 
playback method was used to demonstrate individual 
recognition by contact call in M. lyra. The habituated bats 
showed a significant rebound in response to the presentation of 
a familiar individual novel voice (Kastein et al, 2013). 

Individuality in calls may evolve with colony size, when it is 
beneficial for the signaler to be recognized. As colony size 
increases, the number of individuals that must be recognized 
increases, making individual recognition tasks more difficult. 
Increased individuality is crucial for successful discrimination of 
all individuals in the group. Bat species breeding in large 
colonies have more individuality in pup isolation calls than 
species breeding in smaller colonies because of kin selection 
(Wilkinson, 2003). Additionally, the isolation calls of the chicks 
of two swallow species, the highly colonial cliff swallow and the 
less social barn swallow (Hirundo rustica), have been found to 
differ. Cliff swallow chicks produce calls containing 16 times as 
much variation as the corresponding calls of barn swallow 
chicks (Medvin et al, 1993). Cliff swallows are also superior to 
barn swallows in recognition of their young (Leonard et al, 
1997). Coincidentally, ground-dwelling sciurids with individual- 
specific alarm calls are recognized by group mates based on 
these calls, and stand to gain fitness benefits from being 


recognized (Pollard, 2011). So, species living in larger groups 
have more individual information in their calls (Pollard & 
Blumstein, 2011). Individual recognition is important for social 
behaviors and is harder in larger groups, however, increased 
individuality helps. Colony size, therefore, is a predictor of 
individuality. 

In summary, microbats take up unique ecological niches in 
the night sky and mainly use calls to conduct social activities, 
providing an ideal model for vocal identity recognition research. 
Past experiments highlight that microbats use the 
spectrotemporal characteristics of sound to identify individual, 
sex, group member, and species. However, vocal identity 
recognition can be achieved in many other ways in other 
animals, such as by syllable rhythm (Gentner et al, 2000), call 
repertoire (Weary & Krebs, 1992), and call syntax (Briefer et al, 
2013). Future research should focus on: (1) if microbats code 
identity information at the level of syllable rhythm, call repertoire 
and syntax; (2) whether bat receivers could extract complex 
information from the organisation of conspecific calls; (3) what 
drives the evolution of vocal recognition in microbats. Combined 
with other related work, these efforts could not only could 
improve our understanding of the nature of animal recognition 
behaviour, but also would provide insight into the balance of 
animal population and community. 


REFERENCES 


Arnold BD, Wilkinson GS. 2011. Individual specific contact calls of pallid 
bats (Antrozous pallidus) attract conspecifics at roosting sites. Behavioral 
Ecology and Sociobiology, 65(8): 1581-1593. 

Aubin T, Jouventin P. 2002. How to vocally identify kin in a crowd: the 
penguin model. Advances in the Study of Behavior, 31: 243-277. 

Balcombe JP. 1990. Vocal recognition of pups by mother Mexican free- 
tailed bats, Tadarida brasiliensis mexicana. Animal Behaviour, 39(5): 960- 
966. 

Behr O, Von Helversen O. 2004. Bat serenades-complex courtship songs 
of the sac-winged bat (Saccopteryx bilineata). Behavioral Ecology and 
Sociobiology, 56(2): 106-115. 

Bohn KM, Wilkinson GS, Moss CF. 2007. Discrimination of infant isolation 
calls by female greater spear-nosed bats, Phyllostomus hastatus. Animal 
Behaviour, T3(3): 423-432. 

Boughman JW. 1998. Vocal learning by greater spear-nosed bats. Pro- 
ceedings of the Royal Society of London. Series B: Biological Sciences, 
265(1392): 227-233. 

Boughman JW, Wilkinson GS. 1998. Greater spear-nosed bats discriminate 
group mates by vocalizations. Animal Behaviour, 55(6): 1717-1732. 
Bradbury JW, Vehrencamp SL. 2011. Principles of Animal Communication. 
2™ ed. Sunderland: Sinauer Associates, 1-5. 

Briefer EF, Rybak F, Aubin T. 2013. Does true syntax or simple auditory 
object support the role of skylark song dialect?. Animal Behaviour, 86(6): 
1131-1137. 

Burmeister S, Wilczynski W. 2000. Social signals influence hormones 
independently of calling behavior in the treefrog (Hyla cinerea). Hormones 
and Behavior, 38(4): 201-209. 

Carter GG, Logsdon R, Arnold BD, Menchaca A, Medellin RA. 2012. Adult 
vampire bats Produce contact calls when isolated: acoustic variation by 


Species, population, colony, and individual. PLoS One, 7(6): e38791. 
Carter GG, Skowronski MD, Faure PA, Fenton B. 2008. Antiphonal calling 
allows individual discrimination in white-winged vampire bats. Animal 
Behaviour, T6(4): 1343-1355. 

Chaverri G, Gillam EH, Kunz TH. 2012. A call-and-response system facili- 
tates group cohesion among disc-winged bats. Behavioral Ecology, 24(2): 
481-487. 

Chaverri G, Gillam EH, Vonhof MJ. 2010. Social calls used by a leaf- 
roosting bat to signal location. Biology Letters, 6(4): 441-444. 

Dahlin CR, Young AM, Cordier B, Mundry R, Wright TF. 2013. A test of 
multiple hypotheses for the function of call sharing in female budgerigars, 
Melopsittacus undulatus. Behavioral Ecology and Sociobiology, 68(1): 145- 
161. 

Dorado-Correa AM, Goerlitz HR, Siemers BM. 2013. Interspecific acoustic 
recognition in two European bat communities. Frontiers in Physiology, 4: 
192. 

Fenton MB. 2003. Eavesdropping on the echolocation and social calls of 
bats. Mammal Review, 33(34): 193-204. 

Gentner TQ, Hulse SH, Bentley GE, Ball GF. 2000. Individual vocal 
recognition and the effect of partial lesions to HVC on discrimination, 
learning, and categorization of conspecific song in adult songbirds. Journal 
of Neurobiology, 42(1): 117-133. 

Gillam EH, Chaverri G. 2012. Strong individual signatures and weaker 
group signatures in contact calls of Spixs disc-winged bat, Thyroptera 
tricolor. Animal Behaviour, 83(1): 269-276. 

Hopkins CD, Bass AH. 1981. Temporal coding of species recognition 
signals in an electric fish. Science, 212(4490): 85-87. 

Kastein HB, Winter R, Kumar AV, Kandula S, Schmidt S. 2013. Perception 
of individuality in bat vocal communication: discrimination between, or 
recognition of, interaction partners?. Animal Cognition, 16(6): 945-959. 
Kazial KA, Masters WM. 2004. Female big brown bats, Eptesicus fuscus, 
recognize sex from a caller's echolocation signals. Animal Behaviour, 67(5): 
855-863. 

Kazial KA, Kenny TL, Burnett SC. 2008a. Little brown bats (Myotis luci- 
fugus) recognize individual identity of conspecifics using sonar calls. Ethol- 
ogy, 114(5): 469-478. 

Kazial KA, Pacheco S, Zielinski KN. 2008b. Information content of sonar 
calls of litle brown bats (Myotis lucifugus): potential for communication. 
Journal of Mammalogy, 89(1): 25-33. 

Knórnschild M, Feifel M, Kalko EKV. 2013. Mother-offspring recognition in 
the bat Carollia perspicillata. Animal Behaviour, 86(5): 941-948. 
Knórnschild M, Nagy M, Metz M, Mayer F, Von Helversen O. 2012a. 
Learned vocal group signatures in the polygynous bat Saccopteryx bi- 
lineata. Animal Behaviour, 84(4): 761-769. 

Knórnschild M, Jung K, Nagy M, Metz M, Kalko E. 2012b. Bat echolocation 
calls facilitate social communication. Proceedings of the Royal Society B: 
Biological Sciences, 279(1748): 4827-4835. 

Lausen CL, Barclay RMR. 2003. Thermoregulation and roost selection by 
reproductive female big brown bats (Eptesicus fuscus) roosting in rock 
crevices. Journal of Zoology, 260(3): 235-244. 

Leonard ML, Horn AG, Brown CR, Fernandez NJ. 1997. Parent-offspring 
recognition in tree swallows, Tachycineta bicolor. Animal Behaviour, 54(5): 
1107-1116. 


Li YY, Wang J, Metzner W, Luo B, Jiang TL, Yang SL, Shi LM, Huang XB, 


Zoological Research 36(5): 257-262, 2015 261 


Yue XK, Feng J. 2014. Behavioral responses to echolocation calls from 
sympatric heterospecific bats: implications for interspecific competition. 
Behavioral Ecology and Sociobiology, 68(4): 657-667. 

McCracken GF, Wilkinson GS. 2000. Bat mating systems. /n: Crichton EG, 
Krutzsch PH. Reproductive Biology of Bats. London: Academic Press, 321- 
362. 

Medvin MB, Stoddard PK, Beecher MD. 1993. Signals for parent-offspring 
recognition: a comparative analysis of the begging calls of cliff swallows 
and barn swallows. Animal Behaviour, 45(5): 841-850. 

Melendez KV, Feng AS. 2010. Communication calls of little brown bats 
display individual-specific characteristics. The Journal of the Acoustical 
Society of America, 128(2): 919-923. 

Monroy JA, Carter ME, Miller KE, Covey E. 2011. Development of echolo- 
cation and communication vocalizations in the big brown bat, Eptesicus 
fuscus. Journal of Comparative Physiology A, 197 (5): 459-467. 

Pfalzer G, Kusch J. 2003. Structure and variability of bat social calls: impli- 
cations for specificity and individual recognition. Journal of Zoology, 261(1): 
21-33. 

Pollard KA. 2011. Making the most of alarm signals: the adaptive value of 
individual discrimination in an alarm context. Behavioral Ecology, 22(1): 93- 
100. 

Pollard KA, Blumstein DT. 2011. Social group size predicts the evolution of 
individuality. Current Biology, 21(5): 413-417. 

Root-Gutteridge H, Bencsik M, Chebli M, Gentle LK, Terrell-Nield C, Bourit 
A, Yarnell RW. 2014. Identifying individual wild eastern grey wolves (Canis 
lupus lycaon) using fundamental frequency and amplitude of howls. Bio- 
acoustics, 23(1): 55-66. 

Russo, D, Mucedda M, Bello M, Biscardi S, Pidinchedda E, and Jones G. 
2007. Divergent echolocation call frequencies in insular rhinolophids (Chi- 
roptera): a case of character displacement?. Journal of Biogeography, 
34(12):2129-2138. 


262  www.zoores.ac.cn 


Schoner CR, Schóner MG, Kerth G. 2010. Similar is not the same: Social 
calls of conspecifics are more effective in attracting wild bats to day roosts 
than those of other bat species. Behavioral Ecology and Sociobiology, 
64(12): 2053-2063. 


Schnitzler HU, Moss CF, Denzinger A. 2003. From spatial orientation to 
food acquisition in echolocating bats. Trends in Ecology & Evolution, 18(8): 
386-394. 

Schuchmann M, Siemers BM. 2010. Behavioral evidence for community 
wide species discrimination from echolocation calls in bats. The American 
Naturalist, 176(1): 72-82. 

Sidtis D, Kreiman J. 2012. In the beginning was the familiar voice: person- 
ally familiar voices in the evolutionary and contemporary biology of com- 
munication. /ntegrative Psychological and Behavioral Science, 46(2): 146- 
159. 

Tibbetts EA, Dale J. 2007. Individual recognition: it is good to be different. 
Trends in Ecology & Evolution, 22(10): 529-537. 

Tyack PL. 2008. Convergence of calls as animals form social bonds, active 
compensation for noisy communication channels, and the evolution of 
vocal learning in mammals. Journal of Comparative Psychology, 122(3): 
319-331. 

Voigt-Heucke SL, Taborsky M, Dechmann DKN. 2010. A dual function of 
echolocation: bats use echolocation calls to identify familiar and unfamiliar 
individuals. Animal Behaviour, 80(1): 59-67. 

Weary DM, Krebs JR. 1992. Great tits classify songs by individual voice 
characteristics. Animal Behaviour, 43(2): 283-287. Wilkinson GS. 2003. 
Social and vocal complexity in bats. /n: De Waal FBM, Tyack PL. Animal 
Social Complexity: Intelligence, Culture, and Individualized Societies. 
London: Harvard University Press, 323-341. 

Yovel Y, Melcon ML, Franz MO, Denzinger A, Schnitzler HU. 2009. The 
voice of bats: how greater mouse-eared bats recognize individuals based 
on their echolocation calls. PLoS Computational Biology, 5(6): e1000400. 


ZOOLOGICAL RESEARCH 


Catalog of insect type specimens preserved at the 
Kunming Institute of Zoology, Chinese Academy of 
Science with corrections of some specimens 


Kai-Qin LI, Yun-Zhen WANG, Da-Zhi DONG, Li-Kun ZHANG 


Kunming Natural History Museum of Zoology, Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming Yunnan 650223, China 


ABSTRACT 


This article presents a list of insect types preserved 
in Kunming Natural History Museum of Zoology 
(KNHMZ). As of March, 2015, 3412 type specimens 
belonging to 266 species/subspecies of 37 families 
in 9 orders (Odonata, Isoptera, Mantodea, Orthoptera, 
Hemiptera, Coleoptera, Diptera, Hymenoptera and 
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INTRODUCTION 


Initially established in the 1970s, the insect specimen library of 
Kunming Institute of Zoology (KIZ), Chinese Academy of 
Science (CAS) now resides within the Kunming Natural 
History Museum of Zoology (KNHMZ) at KIZ and includes 
more 400 000 specimens. Type specimens preserved in KIZ 
were primarily obtained via scholars at KIZ as well as some 
donars from other institutions. This article presents a detailed 
list of insect type specimens deposited in the KNHMZ with 
correction information for some specimens. 

As of March 2015, 3412 type specimens belonging to 266 
species/subspecies of 37 families in 9 orders (Odonata, 
Isoptera, Mantodea, Orthoptera, Hemiptera, Coleoptera, 
Diptera, Hymenoptera and Lepidoptera) are included in the 
curated collections. In detail, there are 83 Diptera type and 
810 specimens; followed 45 Coleoptera species/subspecies 
and 179 specimens; 39 Lepidoptera species/subspecies and 
165 specimens; 37 Isoptera species and 1 461 specimens. 
Geographically, these specimens were mainly collected from 
Yunnan, Hubei, Hunan, Guizhou, and Sichuan provinces in 
the People’s Republic of China. 


MATERIAL AND METHODS 


All the original documents of types deposited in the KNHMZ 
have been collected, and then the information of type 
specimens was checked against the original description. 
Available authors were invited to check the status of these 
specimens and/or check the label information of specimens that 
were found to be inconsistent with their original descriptions. 


The labels of type specimens generally consist of specimen 
label, identification label, and type label. The type labels have 
different colours from other labels, with type labels of holotype, 
paratype, and allotype being respectively done in red, yellow 
and blue. By convention, a serial number label of specimens is 
under each specimen. When the label information was not 
consistent with description, both information are presented as 
follows: information on label (information in original description). 


I. ODONATA 


(i) Euphaeidae 
(1) Bayadera nephelopennis Davies et Yang, 1996 

Bayadera nephelopennis Davies et Yang, 1996 (Davies & 
Yang, 1996). 

Holotype: number 0058997. Paratypes: 4 specimens, 
number 0058998-0059001 (number 0058998 was allotype in 
original description). 

The collecting date of number 0059001 is 1993.06.10 on 
label (1993.06.08 in original description). 

Type locality: Omei Mountain, Sichuan Province, China. 

(2) Bayadera serrata Davies et Yang, 1996 

Bayadera serrata Davies et Yang, 1996 (Davies & Yang, 
1996). 

Holotype: number 0058979. 

Type locality: Dali, Yunnan Province, China. 

(3) Bayadera strigata Davies et Yang, 1996 

Bayadera strigata Davies et Yang, 1996 (Davies & Yang, 
1996). 

Holotype: number 0058980. Paratypes: 16 specimens, 
number 0058981—0058996 (number 0058981 was allotype in 
original description). 

The collector of number 0058980 is YB on label (DALD in 
original description). 

Type locality: Dali, Yunnan Province, China. 
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(4) Schmidtiphaea yunnanensis Davies et Yang, 1996 

Schmidtiphaea yunnanensis Davies et Yang, 1996 (Davies & 
Yang, 1996). 

Holotype: number 0059002. Paratypes: 3 specimens, 
number 0059003-0059005 (number 0059003 was allotype in 
original description). 

Type locality: Jiangcheng County, Yunnan Province, China. 


(ii) Gomphidae 
(5) Anisogomphus nitidus Yang et Davies, 1993 

Anisogomphus nitidus Yang et Davies, 1993 (Yang & Davies, 
1993). 

Holotype: number 0059006. 

The collector of number 0059006 is Allen and Davies on label 
(DALD in original description). 

Type locality: Dali, Yunnan Province, China. 

(6) Anisogomphus resortus Yang et Davies, 1996 

Anisogomphus resortus Yang et Davies, 1996 (Yang & 
Davies, 1996). 

Holotype: number 0059040. Paratype: 1 specimen, number 
0059041. 

The collecting dates of number 0059040 and 0059041 are 
1993.06.10 and 1992.06.08 on label respectively (1993.06.08 
and 1992.07.10 in original description). 

Type locality: Emeishan Mountain, Sichuan Province, China. 
(7) Davidius davidi yunnanensis Yang et Davies, 1996 

Davidius davidi yunnanensis Yang et Davies, 1996 (Yang & 
Davies, 1996). 

Holotype: number 0059043. Paratype: 1 specimen, number 
0059044. 

Type locality: Lijiang, Yunnan Province, China. 

(8) Lamelligomphus laetus Yang et Davies, 1993 

Lamelligomphus laetus Yang et Davies, 1993 (Yang & 
Davies, 1993). 

Holotype: number 0059034. Paratypes: 5 specimens, 
number 0059035—0059039 (number 0059035 was allotype in 
original description). 

The collector of number 0059035 is YB on label (Allen & 
Davies in original description). The collecting dates of 
number 0059036 and 0059037 are 1991.07.09 and 
1991.07.06 on label respectively (both are 1991.07.07/12 in 
original description). 

Type locality: Dali, Yunnan Province, China. 

(9) Merogomphus chaoi Yang et Davies, 1993 

Merogomphus chaoi Yang et Davies, 1993 (Yang & Davies, 
1993). 

Holotype: number 0059007. Paratypes: 2 specimens, 
number 0059008-0059009 (number 0059008 was allotype in 
original description). 

Type locality: Jiangcheng County, Yunnan Province, China. 
(10) Stylogomphus lawrenceae Yang et Davies, 1996 

Stylogomphus lawrenceae Yang et Davies, 1996 (Yang & 
Davies, 1996). 

Holotype: number 0059046. Paratypes: 15 specimens, 
number 0059047—0059061, and 4 exuviae 0059062—0059064, 
0059066 (number 0059047 was allotype in original description). 

The collecting date of number 0059048-0059051 is 1992. 
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05.31, number 0059052—0059064 and 0059066 is 1992.05.24 
on label (all of them are 1993.05.24/31 in original description). 
Type locality: Jiangcheng County, Yunnan Province, China. 


Il. ISOPTERA 


(i) Rhinotermitidae 
(11) Heterotermes coelceps Zhu, Huang et Wang, 1992 
Heterotermes coelceps Zhu, Huang et Wang, 1992 (Zhu et al, 
1992). 
Syntypes: 23 specimens, number 0060275—0060297. 
Authors didn’t indicate the holotype. 
Type locality: Qianjiang County, Chongqing City (Sichuan 
Province), China. 
(12) Heterotermes dayongensis Zhu, Huang et Wang, 1992 
Heterotermes dayongensis Zhu, Huang et Wang, 1992 (Zhu 
et al, 1992). 
Syntypes: 55 specimens, number 0060062—00601 16. 
Authors didn't indicate the holotype. 
Type locality: Zhangjiajie National Park, Dayong City, Hunan 
Province, China. 
(13) Heterotermes leigongshanensis Zhu, Huang, Wang et 
Han, 1992 
Heterotermes leigongshanensis Zhu, Huang, Wang et Han, 
1992 (Zhu et al, 1992). 
Syntypes: 17 specimens, number 00601 17—0060133. 
Authors didn't indicate the holotype. 
Type locality: Menglian County, Yunnan Province, China. 
(14) Heterotermes majiangensis Zhu, Huang et Wang, 1992 
Heterotermes majiangensis Zhu, Huang et Wang, 1992 (Zhu 
et al, 1992). 
Syntypes: 64 specimens, number 0060148—006021 1. 
Authors didn't indicate the holotype. 
Type locality: Majiang County, Guizhou Province, China. 
(15) Heterotermes maopingensis Zhu, Huang et Wang, 
1992 
Heterotermes maopingensis Zhu, Huang et Wang, 1992 (Zhu 
et al, 1992). 
Syntypes: 14 specimens, number 0060134—0060147. 
Authors didn't indicate the holotype. 
Type locality: Maoping, Leigongshan Mountain, Guizhou 
Province, China. 
(16) Heterotermes planimentus Zhu, Huang et Wang, 1992 
Heterotermes planimentus Zhu, Huang et Wang, 1992 (Zhu 
et al, 1992). 
Syntypes: 63 specimens, number 0060212—0060274. 
Authors didn't indicate the holotype. 
Type locality: Xiaonanhai, Qijiang County, Chongqing City 
(Sichuan Province), China. 
(17) Heterotermes yinae Zhu, Huang et Li, 1987 
Heterotermes yinae Zhu, Huang et Li, 1987 (Zhu et al, 
1987b). 
Syntypes: 114 specimens, number 0059151—0059264. 
Authors didn’t indicate the holotype. 
Type locality: Simao County, Yunnan Province, China. 
(18) Reticulitermes tianpingshanensis Zhu et Huang, 1992 
Reticulitermes tianpingshanensis Zhu et Huang, 1992 (Zhu et 


al, 1992). 

Holotype: number 0060298. Paratype: 41 
number 0060299—0060339. 

Type locality; Tianpingshan Mountain, Sangzhi County, 
Hunnan Province, China. 

(19) Reticulitermes (Frontotermes) jiangchengensis Yang, 
Zhu et Huang, 1992 

Reticulitermes (Frontotermes) jiangchengensis Yang, Zhu et 
Huang, 1992 (Yang et al, 1992). 

Syntypes: 65 specimens, number 0060340—0060404. 

Authors didn't indicate the holotype. 

The collecting numner of these type specimens is 901V23038 
on label (901V24038 in original description). The collecting date 
of number 0060340-0060353 is 1990.04.23 on label 
(1990.04.24 in original description). 

Type locality: Jiangcheng County, Yunnan Province, China. 
(20) Reticulitermes (Planifrontotermes) curticeps Yang, 
Zhu et Huang, 1992 

Reticulitermes (Planifrontotermes) curticeps Yang, Zhu et 
Huang, 1992 (Yang et al, 1992). 

Holotype: number 0060405. Paratypes: 3 specimens, 
number 0060406—0060408. 

Type locality: Luchun County, Yunnan Province, China. 


specimens, 


(ii) Termitidae 
(21) Ancistrotermes crassiceps Zhu et Wang, 1991 

Ancistrotermes crassiceps Zhu et Wang, 1991 (Zhu et al, 
1991b). 

Syntypes: 64 specimens, number 0059633—0059696. 

Authors didn't indicate the holotype. 

Type locality: Manfeilong, Jinghong County, Yunnan Province, 
China. 

(22) Ancistrotermes ganlanbaensis Zhu et Huang, 1991 

Ancistrotermes ganlanbaensis Zhu et Huang, 1991 (Zhu et al, 
1991b). 

Syntypes: 20 specimens, number 0059598—0059617. 

Authors didn't indicate the holotype. 

Type locality: Ganlanba, Jinghong County, Yunnan Province, 
China. 

(23) Ancistrotermes hekouensis Zhu et Wang, 1991 

Ancistrotermes hekouensis Zhu et Wang, 1991 (Zhu et al, 
19912). 

Syntypes: 67 specimens, number 0059901—0059967. 

The altitude of number 0059901—0059967 is 160 m (not 
mentioned in original description). Authors didn't indicate the 
holotype. 

Type locality: Hekou County, Yunnan Province, China. 

(24) Ancistrotermes menglianensis Zhu et Huang, 1991 

Ancistrotermes menglianensis Zhu et Huang, 1991 (Zhu et al, 
19912). 

Syntypes: 94 specimens, number 0059968—0060061. 

The altitude of number 0059968—0060061 is 1 020 m (not 
mentioned in original description). Authors didn't indicate the 
holotype. 

Type locality: Menglian County, Yunnan Province, China. 

(25) Ancistrotermes xiai Zhu et Huang, 1991 

Ancistrotermes xiai Zhu et Huang, 1991 (Zhu et al, 1991b). 


Syntypes: 15 specimens, number 0059618—0059632. 
Authors didn't indicate the holotype. 
Type locality: Menglun, Mengla County, Yunnan Province, 
China. 
(26) Euhamitermes mengdingensis Zhu et Li, 1987 
Euhamitermes mengdingensis Zhu et Li, 1987 (Zhu et al, 
19872). 
Syntype: 2 specimen, number 0060547—0060548. 
Authors didn't indicate the holotype. 
Type locality: Mengding, Gengma County, Yunnan Province, 
China. 
(27) Euhamitermes yuntaishanensis Zhu et Huang, 1987 
Euhamitermes yuntaishanensis Zhu et Huang, 1987 (Zhu et 
al, 1987a). 
Syntypes: 22 specimens, number 0060523-0060544. 
Authors didn't indicate the holotype. 
Type locality: Yuntaishan Mountain, Yongping County, 
Yunnan Province, China. 
(28) Globitermes mengpengensis Zhu et Huang, 1990 
Globitermes mengpengensis Zhu et Huang, 1990 (Zhu & 
Huang, 1990). 
Syntypes: 121 specimens, number 0059697-—0059817. 
Authors didn't indicate the holotype. 
Type locality: Mengpeng, Mengla County, Yunnan Province, 
China. 
(29) Globitermes menglaensis Huang et Zhu, 1990 
Globitermes menglaensis Huang et Zhu, 1990 (Zhu & Huang, 
1990). 
Syntypes: 30 specimens, number 0059818—0059847. 
Authors didn't indicate the holotype. 
Type locality: Mengla County, Yunnan Province, China. 
(30) Hypotermes bawanensis Zhu et Wang, 1990 
Hypotermes bawanensis Zhu et Wang, 1990 (Zhu et al, 
19902). 
Holotype: number 0059354. Paratypes: 8 specimens, 
number 0059355—0059362. 
Type locality: Bawan, Baoshan City, Yunnan Province, 
China. 
(31) Hypotermes meiziensis Huang et Zhu, 1990 
Hypotermes meiziensis Huang et Zhu, 1990 (Zhu et al, 
19902). 
Holotype: number 0059338. Paratypes: 15 specimens, 
number 0059339—0059353. 
Type locality: Meizhi Village, Baoshan City, Yunnan Province, 
China. 
(32) Hypotermes mengdingensis Zhu et Huang, 1990 
Hypotermes mengdingensis Zhu et Huang, 1990 (Zhu et al, 
19902). 
Syntypes: 56 specimens, number 0059265—0059320. 
Authors didn't indicate the holotype. 
The altitude of number 0059265—0059320 is 530 m (630 m in 
original description). 
Type locality; Mengding Town, Gengma County, Yunnan 
Province, China. 
(33) Hypotermes wandingensis Zhu et Huang, 1990 
Hypotermes wandingensis Zhu et Huang, 1990 (Zhu et al, 
19902). 
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Holotype: number 0059321. Paratypes: 16 specimens, 
number 0059322—0059337. 

Type locality: Wanding, Yunnan Province, China. 
(34) Hypotermes wayaoensis Zhu et Wang, 1990 

Hypotermes wayaoensis Zhu et Wang, 1990 (Zhu et al, 
19902). 

Holotype: number 0059363. Paratypes: 19 specimens, 
number 0059364—0059382. 

Type locality: Wayao, Baoshan City, Yunnan Province, China. 
(35) Indotermes menggarensis Tsai et Zhu, 1984 

Indotermes menggarensis Tsai et Zhu, 1984 (Tsai et al, 1984). 

Holotype: number 0059068. Paratypes: 65 specimens, 
number 0059069—0059133. 

Type locality: Luxi County, Yunnan Province, China. 
(36) Malaysiocapritermes zhangfengensis Zhu, Yang et 
Huang, 1995 

Malaysiocapritermes zhangfengensis Zhu, Yang et Huang, 
1995 (Yang et al, 1995). 

Holotype: number 0059848. Paratypes: 13 specimens, 
number 0059849—0059861. 

Type locality: Zhangfeng Town, Longchuan County, Yunnan 
Province, China. 
(37) Mirocapritermes jiangchengensis Yang, Zhu et Huang, 
1995 

Mirocapritermes jiangchengensis Yang, Zhu et Huang, 1995 
(Yang et al, 1995). 

Holotype: number 0059862. Paratypes: 26 specimens, 
number 0059863—0059888. 

The altitude of number 0059862-0059888 is 930 m on label 
(920m in original description). 

Type locality: Kangping, Jiangcheng County, Yunnan 
Province, China. 
(38) Microtermes mangzhuangensis Huang et Zhu, 1991 

Microtermes mangzhuangensis Huang et Zhu, 1991 (Zhu et 
al, 1991a). 

Holotype: number 0059889. Paratypes: 2 specimens, 
number 0059890—0059891. 

The altitude of number 0059889-0059891 is 700 m (not 
mentioned in original description). 

Type locality: Manzhuang, Mengla County, Yunnan Province, 
China. 
(39) Microtermes menglunensis Zhu et Huang, 1991 

Microtermes menglunensis Zhu et Huang, 1991 (Zhu et al, 
1991b). 

Holotype: number 0059551. Paratypes: 46 specimens, 
number 0059552—-0059597. 

Type locality: Menglun, Mengla County, Yunnan Province, 
China. 
(40) Microtermes mengpengensis Zhu et Huang, 1991 

Microtermes mengpengensis Zhu et Huang, 1991 (Zhu et al, 
19912). 

Holotype: number 0059892. Paratypes: 8 specimens, 
number 0059893—0059900. 

Type locality: Mengpeng, Mengla County, Yunnan Province, 
China. 
(41) Parahypotermes manyunensis Zhu et Huang, 1990 

Parahypotermes manyunensis Zhu et Huang, 1990 (Zhu et al, 
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1990b). 

Holotype: number 0059383. Paratypes: 79 specimens, 
number 0059384—0059462. 

This species is type species of genus Parahypotermes. 

Type locality: Manyun, Yingjiang County, Yunnan Province, 
China. 

(42) Parahypotermes ruiliensis Zhu et Wang, 1990 

Parahypotermes ruiliensis Zhu et Wang, 1990 (Zhu et al, 
1990b). 

Syntypes: 56 specimens, 
0059503—0059520. 

Authors didn't indicate the holotype. 

Type locality; Wanding, Ruili County, Yunnan Province, 
China. 

(43) Parahypotermes yingjiangensis Huang et Zhu, 1990 

Parahypotermes yingjiangensis Huang et Zhu, 1990 (Zhu et 
al, 1990b). 

Holotype: number 0059521. Paratypes: 26 specimens, 
number 0059522—0059544, 0059548—0059550. 

Type locality: Manyun, Yingjiang County, Yunnan Province, 
China. 

(44) Pseudocapritermes jiangchengensis Yang, Zhu et 
Huang, 1992 

Pseudocapritermes jiangchengensis Yang, Zhu et Huang, 
1992 (Yang et al, 1992). 

Holotype: number 0060423. Paratypes: 25 specimens, 
number 0060424—0060448. 

Type locality: Jiangcheng County, Yunnan Province, China. 
(45) Pseudocapritermes planimentus Yang, Zhu et Huang, 
1992 

Pseudocapritermes planimentus Yang, Zhu et Huang, 1992 
(Yang et al, 1992). 

Holotype: number 0060409. Paratypes: 13 specimens, 
number 0060410—0060422. 

Type locality: Jianshui County, Yunnan Province, China. 

(46) Sinotermes luxiensis Huang et Zhu, 1984 

Sinotermes luxiensis Huang et Zhu, 1984 (Tsai et al, 1984). 

Holotype: number 0059134. Paratypes: 16 specimens, 
number 0059135—0059150. 

The altitude of number 0059135—0059150 is 1 340 m (1380 
m in original description). 

Type locality: Luxi County, Yunnan Province, China. 

(iii) Kalotermitidae 
(47) Glyptotermes tsaii Huang et Zhu, 1986 

Glyptotermes tsaii Huang et Zhu, 1986 (Huang et al, 1986). 

Syntypes: 61 specimens, number  0060449—0060503, 
0060517—0060522. 

Authors didn't indicate the holotype. 

Type locality: Gongshan County, Yunnan Province, China. 


number 0059463—-0059500, 


Ill. MANTODEA 


(i) Mantidae 
(48) Eomantis yunnanensis Wang et Dong, 1993 

Eomantis yunnanensis Wang et Dong, 1993 (Wang & Dong, 
1993). 

Holotype: number 0058411. 


Type locality: Lancang County, Yunnan Province, China. 
(49) Hierodula brachynota Wang et Dong, 1993 
Hierodula brachynota Wang et Dong, 1993 (Wang & Dong, 1993). 
Holotype: number 0058414. 
Type locality: Lincang City, Yunnan Province, China. 
(50) Hierodula zhangi Wang et Dong, 1993 
Hierodula zhangi Wang et Dong, 1993 (Wang & Dong, 
1993). 
Holotype: number 0058407. Paratype: 1 specimen, number 
0058408 (number 0058408 was allotype in original description). 
Type locality: Tengchong County, Yunnan Province, China. 


IV. ORTHOPTERA 


(i) Chrotogonidae 
(51) Micropterus yongshengensis Dong et Wang, 2012 
Micropterus yongshengensis Dong et Wang, 2012 (Dong et 
al, 2012). 
Holotype: number 0073877. Paratypes: 2 specimens, 
number 0073878—0073879. 
This species is type species of genus Micropterus. 
Type locality: Yongsheng County, Yunnan Province, China. 


(ii) Acrididae 
(52) Heteropterus xiushanensis Wang, 1992 
Heteropterus xiushanensis Wang, 1992 (Wang, 1992). 
Holotype: number 0057616. 
This species is type species of genus Heteropterus. 
Type locality: Xiushan County, Chongqing City (Sichuan 
Province), China. 


(iii) Metrodoridae 
(53) Calyptraeus menglaensis Wang, 2001 
Calyptraeus menglaensis Wang, 2001 (Wang, 2001). 
Holotype: number 0057617. 
This species is type species of genus Calyptraeus. 
Type locality: Mengla County, Xishuangbanna, Yunnan 
Province, China. 


(iv) Tetrigidae 
(54) Flatocerus guizhouensis Wang, 1992 
Flatocerus guizhouensis Wang, 1992 (Wang, 1992). 
Holotype: number 0057618. 
Type locality: Fanjingshan Mountain, Guizhou Province, 
China. 
(55) Xistrella hunanensis Wang, 1999 
Xistrella hunanensis Wang, 1999 (Wang, 1999). 
Holotype: number 0057619. 
Type locality: Zhangjiajie, Hunan Province, China. 
(v) Eneopteridae 
(56) Zvenella nigrotibialis Liu, Yin et Wang, 1992-1993 
Zvenella nigrotibialis Liu, Yin et Wang, 1992—1993 (Liu et al, 
1992-1993). 
Holotype: number 0062604. 
Type locality: Mengla County, Yunnan Province, China. 
(57) Sonotrella major Liu, Yin et Wang, 1992-1993 
Sonotrella major Liu, Yin et Wang, 1992-1993 (Liu et al, 


1992-1993). 

Holotype: number 0059067. Paratype: 1 specimen, number 
0062605. 

Type locality: Jinghong, Yunnan Province, China. 


V. HEMIPTERA 


(i) Pentatomidae 
(58) Acesines tridentatus Xiong et Liu, 1995 
Acesines tridentatus Xiong et Liu, 1995 (Xiong & Liu, 1995). 
Holotype: number 0058444. Paratype: 1 specimen, number 
0058445. 
Type locality: Tengchong County, Yunnan Province, China. 
(59) Acesines trifasciatus Xiong et Liu, 1995 
Acesines trifasciatus Xiong et Liu, 1995 (Xiong & Liu, 1995). 
Holotype: number 0058443. 
Type locality: Mengzhe Town, Yunnan Province, China. 
(60) Menida speciosa Zheng et Xiong, 2001 
Menida speciosa Zheng et Xiong, 2001 (Zheng & Xiong, 2001). 
Paratype: 1 specimen, number 0073881. 
Type locality: Luoluoxinzai Hill, Caiyanghe Natural Reserve, 
Simao County, Yunnan Province, China. 
(61) Paterculus bidentatus Xiong et Liu, 1996 
Paterculus bidentatus Xiong et Liu, 1996 (Xiong & Liu, 1996). 
Holotype: number 0058435. Paratypes: 6 specimens, 
number 0058436—0058441. 
Type locality: Jinghong County, Yunnan Province, China. 
(62) Pentatoma kunmingensis Xiong, 1981 
Pentatoma kunmingensis Xiong, 1981 (Xiong, 1981). 
Holotype: number 0058415. Paratypes: 4 specimens, 
number 0058416—0058419 (number 0058416 was allotype in 
original description). 
Type locality: Huahongdong, Kunming City, Yunnan Province, 
China. 
(63) Plautia sordida Xiong et Liu, 1996 
Plautia sordida Xiong et Liu, 1996 (Xiong & Liu, 1996). 
Holotype: number 0058429. Paratypes: 4 specimens, 
number 0058430—0058433. 
Type locality: Menglun Town, Yunnan Province, China. 


(ii) Coreidae 
(64) Aurelianus yunnananus Xiong, 1987 

Aurelianus yunnananus Xiong, 1987 (Xiong, 1987). 

Holotype: number 0058421. Paratype: 1 specimen, number 
0058422 (number 0058422 was allotype in original description). 

Type locality: Shangyong Town, Mengla County, Yunnan 
Province, China. 

(65) Homoeocerus varicolor Xiong, 1987 

Homoeocerus varicolor Xiong, 1987 (Xiong, 1987). 

Holotype: number 0058423. Paratypes: 3 specimens, 
number 0058424—0058426 (number 0058424 was allotype in 
original description). 

Type locality; Dahaoping, Tengchong County, Yunnan 
Province, China. 

(66) Pseudomictis obtusispinus Xiong, 1987 
Pseudomictis obtusispinus Xiong, 1987 (Xiong, 1987). 
Holotype: number 0058427. Paratype: 1 specimen, 
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number 0058428 (number 0058428 was allotype in original 
description). 

The information of number 0058427 is "Hainan province, 
Jianfengling, 800m, 1980.04.10, Xiong Jiang coll.” on label 
(‘Hainan province, Diaoluo shan, 900 m, 1980.04.01, Xiong 
Jiang coll." in original description). 

Type locality: Jianfengling, Hainan Province, China. 


(iii) Anthocoridae 
(67) Anthocoris zoui Bu et Zheng, 2001 
Anthocoris zoui Bu et Zheng, 2001 (Bu & Zheng, 2001). 
Paratypes: 3 specimens, number 0058446—0058448. 
Type locality: Huahongdong, Kunming City, Yunnan Province, 
China. 


(iv) Cicadellidae 

(68) Limassolla unica Zhang et Xiao, 2000 
Limassolla unica Zhang et Xiao, 2000 (Zhang & Xiao, 2000). 
Paratypes: 21 specimens, number 0062583-0062603. 
Type locality: Yuxi City, Yunnan Province, China. 


VI. COLEOPTERA 


(i) Carabidae 
(69) Carabus (Apotomopterus) davidis yunnanensis Dong, 
2011 

Carabus (Apotomopterus) davidis yunnanensis Dong, 2011 
(Dong et al, 2011). 

Holotype: number 0056901. 

Type locality: Dashanbao, Zhaotong County, Yunnan 
Province, China. 
(70) Leistus lihengae Kavanaugh et Long, 1999 

Leistus lihengae Kavanaugh et Long, 1999 (Kavanaugh & 
Long, 1999). 

Holotype: number 0058378. Paratypes: 4 specimens, 
number 0058379—0058382. 

Type locality: Gaoligong Mountains, Baoshan Prefecture, 
Baoshan County, Yunnan Province, China. 
(71) Leistus gaoligongensis Kavanaugh et Long, 1999 

Leistus | gaoligongensis Kavanaugh et Long, 1999 
(Kavanaugh & Long, 1999). 

Holotype: number 0058384. Paratypes: 18 specimens, 
number 0058385—0058402. 

Type locality: Gaoligong Mountains, Baoshan Prefecture, 
Baoshan County, Yunnan Province, China. 
(ii) Chrysomelidae 
(72) Platycoryus niger yunnanensis Tan, 1982 

Platycoryus niger yunnanensis Tan, 1982 (Tan, 1982). 

Holotype: number 0062994. Paratypes: 5 specimens, 
number 0062995—0062999. 

Type locality: Huahongdong, Kunming City, Yunnan Province, 
China. 


(iii) Coccinellidae 
(73) Cryptogonus lobulus Xiao, 1992 
Cryptogonus lobulus Xiao, 1992 (Xiao & Li, 1992). 
Holotype: number 0058717. Paratype: 1 specimen, number 
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0058718. 

Type locality: Xiushan County, Chongqing City (Sichuan 
Province), China. 

(74) Cryptogonus qianjiangensis Xiao, 1992 

Cryptogonus qianjiangensis Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058714. 

Type locality: Xiaonanhai, Qianjiang County, Chongqing City 
(Sichuan Province), China. 

(75) Cryptogonus xiushanensis Xiao, 1992 

Cryptogonus xiushanensis Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058715. Paratype: 1 specimen, number 
0058716. 

The information of number 0058715 is "Sichuan province, 
Xiushan, 520 m, 1989.07.07, Xiao Ningnian coll." on label; the 
number 0058716 is "Sichuan province, Xiushan, 520 m, 
1989.07.04, Xiao Ningnian coll.” on label. (“Hubei province, 
Hefeng, 850 m, 1989.VII.26, Xiao Ningnian" in original 
description). Author (XIAO Ningnian) has 
confirmed the information of number 0058715 and 0058716 
on label. 

Type locality: Xiushan County, Chongqing City (Sichuan 
Province), China. 

(76) Epilachna lichuaniensis Xiao, 1992 

Epilachna lichuaniensis Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058728. 

Type locality: Xingdoushan Mountain, Lichuan City, Hubei 
Province, China. 

(77) Epilachna globiera Xiao, 1992 

Epilachna globiera Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058729. Paratypes: 3 specimens, 
number 0058730—0058732. 

The collecting date of number 0058731 and 0058732 is 
1983.07.13 on label (1983.07.14 in original description). Author 
(Xiao Ningnian) has confirmed the collecting date on label. 

Type locality: Youyang County, Chongqing City (Sichuan 
Province), China. 

(78) Nesolotis centralis Wang et Ren, 2010 

Nesolotis centralis Wang et Ren, 2010 (Wang et al, 2010). 

Paratypes: 2 specimens, number 0058735—0058736. 

Type locality: Pinglong, Shiwandashan Mountain, Guangxi 
Province, China. 

(79) Nesolotis magnipunctata Wang et Ren, 2010 

Nesolotis magnipunctata Wang et Ren, 2010 (Wang et al, 
2010). 

Paratypes: 2 specimens, number 0058733—0058734. 

Type locality: Longmen, Mengla, Yunnan Province, China. 
(80) Plotina daweishanensis Wang et Ren, 2011 

Plotina daweishanensis Wang et Ren, 2011 (Wang et al, 
2011). 

Paratypes: 2 specimens, number 0058737—0058738. 

Type locality: Dajianshan Mountain, Pingbian County, 
Yunnan Province, China. 

(81) Rodolia xianfengensis Xiao, 1992 

Rodolia xianfengensis Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058719. Paratypes: 5 specimens, 
number 0058720—0058724. 

The information of number 0058724 is "Sichuan province, 


Qianjiang, Shihui, Wuling Mountain, 700 m, 1989.06.19, Xiao 
Ningnian coll.” on label (the information of all paratypes is 
"Hubei Province, Xianfeng, 730 m, 1989.VIII.7, Xiao Ningnian 
coll.” in original description). Author (Xiao Ningnian) has 
confirmed that number 0058724 is a paratype. 

Type locality: Xianfeng County, Hubei Province, China. 

(82) Serangium baculum Xiao, 1992 

Serangium baculum Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058698. Paratypes: 10 specimens, 
number 0058699-0058708 (number 0058699 was allotype in 
original description). 

Type locality: Qianjiang County, Chongqing City (Sichuan 
Province), China. 

(83) Serangium drepnicum Xiao, 1992 

Serangium drepnicum Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058692. Paratypes: 3 specimens, 
number 0058693-0058695 (number 0058693 was allotype in 
original description). 

Type locality: Hefeng County, Hubei Province, China. 

(84) Singhikalia duodecimguttata Xiao, 1992 

Singhikalia duodecimguttata Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058725. Paratypes: 2 specimens, 
number 0058726—0058727. 

The information of number 0058725 is "Hubei Province, 
Laifeng, Xinxia, 540 m, 1989.07.19, Xiao Ningnian coll." on 
label ("Sichuan province, Xiushan,  Huixinshao, 820m, 
1989.VII.17, Xiao Ningnian coll.” in original description); the 
information of number 0058726 is "Sichuan Province, Xiushan, 
520 m, 1989.07.07, coll." on label ( “Hubei province, Laifeng, 
Xinxia, 540m, 1989.VII.19, Xiao Ningnian coll.” in original 
description). Author (Xiao Ningnian) has confirmed the types 
and the type information on label. 

Type locality: Xinxia, Laifeng County, Hubei Province, China. 
(85) Stethorus (Parastethorus) dichiapiculus Xiao, 1992 

Stethorus (Parastethorus) dichiapiculus Xiao, 1992 (Xiao & Li, 
1992). 

Holotype: number 0058712. 

Type locality: Youyang County, Chongqing City (Sichuan 
Province), China. 

(86) Stethorus (Parastethorus) malaicus Xiao, 1992 

Stethorus (Parastethorus) malaicus Xiao, 1992 (Xiao & Li, 
1992). 

Holotype: number 0058713. 

Type locality: Qianjiang County, Chongqing City (Sichuan 
Province), China. 

(87) Stethorus (Stethorus) wulingicus Xiao, 1992 

Stethorus (Stethorus) wulingicus Xiao, 1992 (Xiao & Li, 1992). 

Holotype: number 0058709. Paratypes: 2 specimens, 
number 0058710—0058711. 

Type locality: Xiushan County, Chongqing City (Sichuan 
Province), China. 


(iv) Rhagophthalmidae 
(88) Rhagophthalmus fugongensis Li et Liang, 2008 
Rhagophthalmus fugongensis Li et Liang, 2008 (Li et al, 
2008). 
Holotype: number 0058739. Paratypes: 6 specimens, 


number 0058740—0058745. 

Type locality: Wawa Village, Pihe, Fugong County, Yunnan 

Province, China. 

(89) Rhagophthalmus lufengensis Li et Ohba, 2008 
Rhagophthalmus lufengensis Li et Ohba, 2008 (Li et al, 2008). 
Holotype: number 0058746. Paratypes: 3 specimens, 

number 0058747—0058749 (number 0058747 was allotype in 

original description). 
Type locality: Dajiuzhuang, Lufeng County, Yunnan Province, 

China. 


(v) Lampyridae 
(90) Diaphanes pectinealis Li et Liang, 2007 
Diaphanes pectinealis Li et Liang, 2007 (Li & Liang, 2007). 
Holotype: number 0058750. Paratypes: 6 specimens, 
number 0058751—0058756 (number 0058751 was allotype in 
original description). 
Type locality: Nankang, Baoshan City, Yunnan Province, 
China. 


(vi) Attelabidae 
(91) Euops (Macrodentipes) hefengensis Liang, 2005 

Euops (Macrodentipes) hefengensis Liang, 2005 (Liang & Li, 
2005). 

Holotype: number 0058804. Paratypes: 10 specimens, 
number 0058805—0058814. 

The collector of number 0058804 is Xiao Ningnian on label 
(Liang Xingcai in original description). The collecting date of 
number 00588107-0058811 is 1989.07.27 on label 
(1989.07.28 in original description); the altitude of all specimens 
is 900m or 870m on label (not mentioned in original 
description). 

This species is type species of subgenus Macrodentipes. 

Type locality: Hefeng County, Hubei Province, China. 

(92) Euops (Synaptops) guizhouensis Liang, 2005 

Euops (Synaptops) guizhouensis Liang, 2005 (Liang & Li, 
2005). 

Holotype: number 0058795. 

The altitude of number 0058795 is 1 650-1 700 m on label 
(not mentioned in original description). 

Type locality: Leigongshan Mountain, Guizhou Province, 
China. 

(93) Euops (Synaptops) jingguensis Liang et Sakurai, 2005 

Euops (Synaptops) jingguensis Liang et Sakurai, 2005 (Liang 
& Li, 2005). 

Holotype: number 0058796. Paratypes: 2 specimens, 
number 0058797—0058798. 

The collecting date of all specimens is 1990.08 and the 
collector is Liang Xingcai on label (1990.08.25 and Liang & 
Sakurai in original description). 

Type locality: Jinggu County, Yunnan Province, China. 

(94) Euops (Synaptops) jiuzhaiensis Liang, 2005 

Euops (Synaptops) jiuzhaiensis Liang, 2005 (Liang & Li, 
2005). 

Holotype: number 0058792. Paratypes: 2 specimens, 
number 0058793—0058794. 

Type locality: Jiuzhaigou, Sichuan Province, China. 
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(95) Euops (Synaptops) yingjiangensis Liang, 2005 
Euops (Synaptops) yingjiangensis Liang, 2005 (Liang & Li, 

2005). 

Holotype: number 0058801. Paratypes: 2 specimens, 
number 0058802—0058803. 

Type locality: Yingjiang County, Yunnan Province, China. 

(96) Euops (Synaptops) yunnanensis Liang, 2005 
Euops (Synaptops) yunnanensis Liang, 2005 (Liang & Li, 

2005). 

Holotype: number 0058799. Paratype: 1 specimen, number 
0058800. 

Type locality: Daweishan Mountain, Pingbian County, 
Yunnan Province, China. 

(97) Euscelophilus gaoligongensis Xie et Liang, 2008 
Euscelophilus gaoligongensis Xie et Liang, 2008 (Xie & Liang, 

2008). 

Holotype: number 0058757. Paratypes: 3 specimens, 
number 0058758—0058760. 

Type locality: Labadi, Gongshan County, Yunnan Province, 
China. 

(98) Euscelophilus hidakai Liang, 1994 
Euscelophilus hidakai Liang, 1994 (Liang, 1994). 

Holotype: number 0058761. Paratypes: 6 specimens, 
number 0058762—0058767. 

Type locality: Yongshan County, Yunnan Province, China. 
(99) Euscelophilus jingpingensis Liang, 1994 

Euscelophilus jingpingensis Liang, 1994 (Liang, 1994). 

Holotype: number 0058776. Paratypes: 2 specimens, 
number 0058777—0058778. 

Type locality: Jinping County, Yunnan Province, China. 

(100) Euscelophilus kunmingensis Liang, 1994 
Euscelophilus kunmingensis Liang, 1994 (Liang, 1994). 
Holotype: number 0058779. Paratypes: 4 specimens, 

number 0058780—0058783. 

The altitude of number 0058779—0058780 is 2 100 m on label 
(not mentioned in original description). 

Type locality: Bamboo Temple, Kunming City, Yunnan 
Province, China. 

(101) Euscelophilus niger Liang, 1994 
Euscelophilus niger Liang, 1994 (Liang, 1994). 

Holotype: number 0058784. Paratypes: 3 specimens, 
number 0058785—0058787. 

The altitude of number 0058784—0058785 is 870 m on label 
(not mentioned in original description); the collecting date and 
altitude of number 0058786 are 1989.07.24 and 870 m on label 
(not mentioned in original description); the collecting date and 
altitude of number 0058786 are 1989.07.24 and 870 m on label 
(1989.07.28, altitude was not mentioned in original description); 
the collecting date, collector and altitude of number 0058787 
are 1989.07.26, Xiao Ningnian and 850 m on label (1989.07.28, 
Liang Xingcai in original description, altitude was not mentioned 
in original description). 

Type locality: Hefeng County, Hubei Province, China. 

(102) Euscelophilus qinni Liang, 1994 
Euscelophilus qinni Liang, 1994 (Liang, 1994). 

Holotype: number 0058791. 

Type locality: Yunlong County, Yunnan Province, China. 
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(103) Euscelophilus tianchiensis Liang, 1994 
Euscelophilus tianchiensis Liang, 1994 (Liang, 1994). 
Holotype: number 0058789. Paratype: 1 specimen, number 

0058790. 

Type locality: Yunlong County, Yunnan Province, China. 

(104) Euscelophilus yongshanensis Liang, 1994 
Euscelophilus yongshanensis Liang, 1994 (Liang, 1994). 
Holotype: number 0058771. Paratypes: 4 specimens, 

number 0058772-0058775. 

Type locality: Yongshan County, Yunnan Province, China. 


(vii) Staphylinidae 
(105) Lathrobium daliense Y. Watanabe et Xiao, 1994 

Lathrobium daliense Y. Watanabe et Xiao, 1994 (Watanabe 
& Xiao, 1994b). 

Paratypes: 4 specimens, number 0058825—0058828. 

The collecting date of number 0058825-0058828 is 
1993.09.03 on label (not mentioned in original description); the 
altitude of number 0058825—0058827 is 2 500 m (2620 m in 
original description). 

Type locality: Zhonghefeng, Diancangshan Mountains, Dali 
City, Yunnan Province, China. 

(106) Lathrobium (Lathrobium) naxii Y. Watanabe et Xiao, 
1996 

Lathrobium (Lathrobium) naxii Y. Watanabe et Xiao, 1996 
(Watanabe & Xiao 19962). 

Paratype: 1 specimen, number 0058833 (number 0058833 
was allotype in original description). 

Type locality: Yulongxueshan Mountain, Lijiang County, 
Yunnan Province, China. 

(107) Lathrobium yunnanum Y. Watanabe et Xiao, 1994 

Lathrobium yunnanum Y. Watanabe et Xiao, 1994 
(Watanabe & Xiao, 1994b). 

Paratypes: 4 specimens, number 0058829—0058832. 

Type locality; Laohushan Mountain, Dali City, Yunnan 
Province, China. 

(108) Micropeplus yunnanus Y. Watanabe et Xiao, 1996 

Micropeplus yunnanus Y. Watanabe et Xiao, 1996 
(Watanabe & Xiao, 1996b). 

Paratypes: 2 specimens, number 0058834—0058835. 

The altitude of number 0058834 is 2 550 m on label (not 
mentioned in original description), and the number 0058835 is 
2650 m (not mentioned in original description). 

Type locality: Jizushan Mountain, Binchuan County, Yunnan 
Province, China. 

(109) Nazeris alpinus Y. Watanabe et Xiao, 1997 

Nazeris alpinus Y. Watanabe et Xiao, 1997 (Watanabe & 
Xiao, 1997). 

Paratypes: 2 specimens, number 0058844—0058845. 

The altitude of number 0058844—0058845 is 2 800 m on label 
(not mentioned in original description). 

Type locality: Yulongxueshan Mountain, Lijiang County, 
Yunnan Province, China. 

(110) Nazeris daliensis Y. Watanabe et Xiao, 1997 

Nazeris daliensis Y. Watanabe et Xiao, 1997 (Watanabe & 
Xiao, 1997). 

Paratypes: 2 specimens, number 0058842—0058843. 


The altitude of number 0058842-0058843 is 2 140 m on label 
(not mentioned in original description). 

Type locality: — Xiaojinshan Mountain, 
Mountains, Dali City, Yunnan Province, China. 
(111) Nazeris giganteus Y. Watanabe et Xiao, 1997 

Nazeris giganteus Y. Watanabe et Xiao, 1997 (Watanabe & 
Xiao, 1997). 

Paratype: 1 specimen, number 0058846. 

The altitude of number 0058846 is 2 290 m on label (not 
mentioned in original description). 

Type locality: Quingbi Xi, Diancangshan Mountains, Dali City, 
Yunnan Province, China. 

(112) Nazeris zhangi Y. Watanabe et Xiao, 1993 

Nazeris zhangi Y. Watanabe et Xiao, 1993 (Watanabe & 
Xiao, 1993). 

Paratypes: 6 specimens, number 0058836—0058841. 

Type locality: Yu'anshan Mountain, Kunming City, Yunnan 
Province, China. 

(113) Ochthephilum yunnanense Y. Watanabe et Xiao, 1994 

Ochthephilum yunnanense Y. Watanabe et Xiao, 1994 
(Watanabe & Xiao, 1994a). 

Paratypes: 9 specimens, number 00588 15—0058823. 

Type locality: Tropical Botanical Garden, Menglun, Mengla 
County, Xishuangbanna, Yunnan Province, China. 


Diancangshan 


Vil. DIPTERA 


(i) Drosophilidae 
(114) Amiota (Phortica) acongruens Zhang et Shi, 1997 

Amiota (Phortica) acongruens Zhang et Shi, 1997 (Zhang & 
Shi, 1997). 

Holotype: number 0076046. Paratype: 1 specimen, number 
0076047. 

Type locality: Pengdang, Gongshan County, Yunnan 
Province, China. 

(115) Amiota (Phortica) flexuosa Zhang et Gan, 1986 

Amiota (Phortica) flexuosa Zhang et Gan, 1986 (Zhang & 
Gan, 1986). 

Holotype: number 0058507. Paratypes: 53 specimens, 
number 0058508-0058560 (number 0058508 was allotype in 
original description). 

Type locality: Kunming City, Yunnan Province, China. 

(116) Amiota (Phortica) hani Zhang et Shi, 1997 

Amiota (Phortica) hani Zhang et Shi, 1997 (Zhang & Shi, 
1997). 

Holotype: number 0076044. 

The collecting date of holotype was 1993.IV.28 in English 
abstract and on label (1993.VI.28 in Chinese original 
description). 

Type locality: Changyanhe, Pianma, Lushui County, Yunnan 
Province, China. 

(117) Amiota (Phortica) protrusa Zhang et Shi, 1997 

Amiota (Phortica) protrusa Zhang et Shi, 1997 (Zhang & Shi, 
1997). 

Holotype: number 0076048. Paratypes: 16 specimens, 
number 0076049—0076064. 

Type locality: Pengdang, Gongshan County, Yunnan 


Province, China. 

(118) Amiota (Phortica) pseudogigas Zhang et Gan, 1986 
Amiota (Phortica) pseudogigas Zhang et Gan, 1986 (Zhang 

& Gan, 1986). 

Holotype: number 0058561. Paratypes: 19 specimens, 
number 0058562-0058580 (number 0058562 was allotype in 
original description). 

The collecting date of number 0058565 is 1984.05.19 on 
label (1983.VIII.XI in original description); the collector of 
number 0058566 and 0058573 is Liang Xingcai on label (Zhang 
Wenxia in original description). 

Type locality: Kunming City, Yunnan Province, China. 

(119) Amiota (Phortica) psi Zhang et Gan, 1986 
Amiota (Phortica) psi Zhang et Gan, 1986 (Zhang & Gan, 

1986). 

Holotype: number 0058582. 

Type locality: Kunming City, Yunnan Province, China. 

(120) Amiota (Phortica) saeta Zhang et Gan, 1986 
Amiota (Phortica) saeta Zhang et Gan, 1986 (Zhang & Gan, 

1986). 

Holotype: number 0058581. 

Type locality: Kunming City, Yunnan Province, China. 

(121) Chymomyza novobscura Watabe et Liang, 1990 
Chymomyza novobscura Watabe et Liang, 1990 (Watabe & 

Liang, 1990). 

Holotype: number 0058449. Paratypes: 3 specimens, 
number 0058450—0058452. 

Type locality: Dabochin, Dali City, Yunnan Province, China. 
(122) Chymomyza demae Watabe et Liang, 1990 

Chymomyza demae Watabe et Liang, 1990 (Watabe & Liang, 
1990). 

Holotype: number 0058453. 

Type locality: Dabochin, Dali City, Yunnan Province, China. 
(123) Colocasiomyia hailini Li et Gao, 2014 

Colocasiomyia hailini Li et Gao, 2014 (Li et al, 2014). 

Holotype: number 0075494. Paratypes: 48 specimens, 
number 0075495—0075542. 

Type locality: Baihualing, Longyang, Baoshan City, Yunnan 
Province, China. 

(124) Colocasiomyia longifilamentata Li et Gao, 2014 
Colocasiomyia longifilamentata Li et Gao, 2014 (Li et al, 

2014). 

Holotype: number 0075454. Paratypes: 28 specimens, 
number 0075455—0075482. 

Type locality: Baihualing, Longyang, Baoshan City, Yunnan 
Province, China. 

(125) Colocasiomyia longivalva Li et Gao, 2014 
Colocasiomyia longivalva Li et Gao, 2014 (Li et al, 2014). 
Holotype: number 0075484. Paratypes: 9 specimens, 

number 0075485—0075493. 

Type locality: Baihualing, Longyang, Baoshan, Yunnan 
Province, China. 

(126) Colocasiomyia rhaphidophorae Gao et Toda, 2013 
Colocasiomyia rhaphidophorae Gao et Toda, 2013 (Fartyal et 

al, 2013). 

Holotype: number 0075438. Paratypes: 15 specimens, 
number 0075439—0075453. 
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Type locality: Xishuangbanna Tropical Botanical Garden, 
Yunnan Province, China. 

(127) Colocasiomyia yini Li et Gao, 2014 

Colocasiomyia yini Li et Gao, 2014 (Li et al, 2014). 

Holotype: number 0075543. Paratypes: 9 specimens, 
number 0075544—0075552. 

Type locality: Baihualing, Longyang, Baoshan City, Yunnan 
Province, China. 

(128) Drosophila (Drosophila) aplophallata Zhang et Toda, 
1995 

Drosophila (Drosophila) aplophallata Zhang et Toda, 1995 
(Zhang et al, 1995). 

Paratypes: 5 specimens, number 0062859—0062863. 

Type locality: Maquiling Mountain, Luzon, Philippines. 

(129) Drosophila (Drosophila) bai Watabe et Liang, 1990 

Drosophila (Drosophila) bai Watabe et Liang, 1990 (Watabe 
et al, 19902). 

Holotype: number 0058464. Paratypes: 5 specimens, 
number 0058465—0058469. 

The collecting date of number 0058464 is 1988.09.21 on 
label (1988.09.19 in original description). 

Type locality: Dabochin, Dali City, Yunnan Province, 
China. 

(130) Drosophila (Drosophila) barutani Watabe et Liang, 
1990 

Drosophila (Drosophila) barutani Watabe et Liang, 1990 
(Watabe et al, 1990b). 

Holotype: number 0058476. Paratypes: 2 specimens, 
number 0058477—0058478. 

Type locality: Dabochin, Dali City, Yunnan Province, China. 
(131) Drosophila (Drosophila) brevipapilla Zhang, 2000 

Drosophila (Drosophila) brevipapilla Zhang, 2000 (Zhang, 
2000). 

Paratype: 1 specimen, number 0076045. 

Type locality: Ludian, Lijiang County, Yunnan Province, 
China. 

(132) Drosophila (Drosophila) brevitabula Zhang et Toda, 
1992 

Drosophila (Drosophila) brevitabula Zhang et Toda, 1992 
(Zhang & Toda, 1992). 

Holotype: number 0062844. Paratypes: 7 specimens, 
number 0062845-0062851 (one specimen was allotype in 
original description). 

Two specimens were in a tube with "Allotype and Paratype" 
label. Authors didn't indicate the allotype or paratype (holotype, 
allotype and paratype in original description). 

Type locality: Kunming, Yunnan Province, China. 

(133) Drosophila (Drosophila) eminentiula Zhang et Shi, 
1995 

Drosophila (Drosophila) eminentiula Zhang et Shi, 1995 
(Zhang et al, 1995). 

Holotype: number 0062866. 

Type locality: Tengchong County, Yunnan Province, China. 
(134) Drosophila (Drosophila) eprocessata Zhang et Toda, 
1995 

Drosophila (Drosophila) eprocessata Zhang et Toda, 1995 
(Zhang et al, 1995). 
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Holotype: number 0062857. 

Type locality: Air Sirah, Padang, Sumatra, Indonesia. 

(135) Drosophila (Drosophila) flavimedifemur Zhang et 
Toda, 1988 

Drosophila (Drosophila) flavimedifemur Zhang et Toda, 1988 
(Zhang & Toda, 1988). 

Holotype: number 0062869. 

Type locality: Kunming, Yunnan Province, China. 

(136) Drosophila (Drosophila) furcapenis Zhang et Liang, 
1995 

Drosophila (Drosophila) furcapenis Zhang et Liang, 1995 
(Zhang & Liang, 1995). 

Holotype: number 0062827. 

Type locality: Deqin County, Yunnan Province, China. 

(137) Drosophila (Drosophila) furcapenisoides Zhang et 
Liang, 1995 

Drosophila (Drosophila) furcapenisoides Zhang et Liang, 
1995 (Zhang & Liang, 1995). 

Holotype: number 0062828. Paratypes: 3 specimens, 
number 0062829-0062831 (one specimen was allotype in 
original description). 

Three specimens were in a tube with "Allotype and 2 
Paratype" label. Authors didn't indicate which is allotype and 
which is paratype. 

Type locality: Deqin County, Yunnan Province, China. 

(138) Drosophila (Drosophila) fustiformis Zhang et Liang, 
1993 

Drosophila (Drosophila) fustiformis Zhang et Liang, 1993 
(Zhang & Liang, 1993). 

Holotype: number 0062606. Paratypes: 2 specimens, 
number 0062607—0062608. 

Type locality: Tianpingshan Mountain, Shangzhi County, 
Zhangjiajie City, Hunan Province, China. 

(139) Drosophila (Drosophila) gani Liang et Zhang, 1990 

Drosophila (Drosophila) gani Liang et Zhang, 1990 (Watabe 
et al, 19902). 

Holotype: number 0058454. Paratypes: 2 specimens, 
number 0058455-0058456. 

Type locality: Xianguan, Dali City, Yunnan Province, China. 
(140) Drosophila (Drosophila) ichinosei Zhang et Toda, 
1995 

Drosophila (Drosophila) ichinosei Zhang et Toda, 1995 
(Zhang et al, 1995). 

Paratype: 1 specimen, number 0062858. 

Type locality: Maquiling Mountain, Luzon, Philippines. 

(141) Drosophila (Drosophila) karakasa Watabe et Liang, 
1990 

Drosophila (Drosophila) karakasa Watabe et Liang, 1990 
(Watabe et al, 1990b). 

Holotype: number 0058473. Paratypes: 2 specimens, 
number 0058474—0058475. 

Type locality: Xianguan, Dali City, Yunnan Province, China. 
(142) Drosophila (Drosophila) lichuanensis Zhang et Liang, 
1994 

Drosophila (Drosophila) lichuanensis Zhang et Liang, 1994 
(Zhang & Liang, 1994). 

Holotype: number 0062610. 


Type locality: Xingdoushan Mountain, Lichuan City, Hubei 
Province, China. 

(143) Drosophila (Drosophila) longifurcapenis Zhang et 
Liang, 1995 

Drosophila (Drosophila) longifurcapenis Zhang et Liang, 1995 
(Zhang & Liang, 1995). 

Holotype: number 0062832. 

Type locality: Deqin County, Yunnan Province, China. 

(144) Drosophila (Drosophila) longisetae Zhang, Lin et Gan, 
1989 

Drosophila (Drosophila) longisetae Zhang, Lin et Gan, 1989 
(Zhang et al, 1989). 

Holotype: number 0058483. Paratypes: 23 specimens, 
number 0058484—0058506. 

Type locality: Huahongdong, Kunming City, Yunnan Province, 
China. 

(145) Drosophila (Drosophila) medioconstricta Watabe, 
Zhang et Gan, 1990 

Drosophila (Drosophila) medioconstricta Watabe, Zhang et 
Gan, 1990 (Watabe et al, 1990a). 

Holotype: number 0058470. Paratypes: 2 specimens, 
number 005847 1—0058472. 

Type locality: Dabochin, Dali City, Yunnan Province, China. 
(146) Drosophila (Drosophila) multidentata Watabe et 
Zhang, 1990 

Drosophila (Drosophila) multidentata Watabe et Zhang, 1990 
(Watabe et al, 1990b). 

Holotype: number 0058480. Paratypes: 2 specimens, 
number 0058481—0058482. 

Type locality: Xianguan, Dali City, Yunnan Province, China. 
(147) Drosophila (Drosophila) nakanoi Zhang et Toda, 
1995 

Drosophila (Drosophila) nakanoi Zhang et Toda, 1995 
(Zhang et al, 1995). 

Paratypes: 2 specimens, number 0062864—0062865. 

Type locality: Air Sirah, Padang, Sumatra, Indonesia. 

(148) Drosophila (Drosophila) nullilineata Zhang et Toda, 
1988 

Drosophila (Drosophila) nullilineata Zhang et Toda, 1988 
(Zhang & Toda, 1988). 

Holotype: number 0062867. Paratype: 1 specimen, 
number 0062868 (number 0062868 was allotype in original 
description). 

Type locality: Shangyong, Mengla County, Yunnan Province, 
China. 

(149) Drosophila (Drosophila) padangensis Zhang et Toda, 
1995 

Drosophila (Drosophila) padangensis Zhang et Toda, 1995 
(Zhang et al, 1995). 

Paratype: 1 specimen, number 0062856. 

Type locality: Air Sirah, Padang, Sumatra, Indonesia. 

(150) Drosophila (Drosophila) papilla Zhang et Shi, 1992 

Drosophila (Drosophila) papilla Zhang et Shi, 1992 (Zhang & 
Toda, 1992). 

Holotype: number 0062852. Paratypes: 3 specimens, 
number 0062853-0062855 (number 0062853 was allotype in 
original description). 


Type locality: Tengchong County, Yunnan Province, China. 
(151) Drosophila (Drosophila) perlucida Zhang et Liang, 
1994 

Drosophila (Drosophila) perlucida Zhang et Liang, 1994 
(Zhang & Liang, 1994). 

Syntypes: 16 specimens, number 006261 1—0062626. 

Four specimens were in a tube with “Holotype and Paratype” 
label, and 12 specimens were in another tube with a "19 
Allotype 11 9. Paratype " label. Authors didn't indicate which is 
holotype, allotype or paratype. 

Type locality: Xiaping, Hefeng County, Hubei Province, 
China. 

(152) Drosophila (Drosophila) ruberrimoides Zhang et Gan, 
1986 

Drosophila (Drosophila) ruberrimoides Zhang et Gan, 1986 
(Zhang & Gan, 1986). 

Holotype: number 0058593. Paratype: 1 specimen, number 
0058594. 

Type locality: Kunming City, Yunnan Province, China. 

(153) Drosophila (Drosophila) yunnanensis Watabe et 
Liang, 1990 

Drosophila (Drosophila) yunnanensis Watabe et Liang, 1990 
(Watabe et al, 19902). 

Holotype: number 0058457. Paratypes: 6 specimens, 
number 0058458—0058463. 

Type locality: Dabochin, Dali City, Yunnan Province, China. 
(154) Drosophila (Drosophila) spuricurviceps Zhang et Gan, 
1986 

Drosophila (Drosophila) spuricurviceps Zhang et Gan, 1986 
(Zhang & Gan, 1986). 

Holotype: number 0058597. Paratypes: 12 specimens, 
number 0058598-0058609 (number 0058598 was allotype in 
original description). 

The collecting date of number 0058599-0058600 is 
1983.10.26 on label (1983.V/VIII/XI in original description); the 
collecting dates of number 0058604 and 0058605 are 
1983.07.08 and 1983.07.18 on label (1983.V/VIII/XI in original 
description); the collector of number 0058510—005861 1 is Liang 
Xingcai on label (Zhang Wenxia in original description). 

Type locality: Kunming City, Yunnan Province, China. 

(155) Drosophila (Lordiphosa) acongruens Zhang et Liang, 
1992 

Drosophila (Lordiphosa) acongruens Zhang et Liang, 1992 
(Zhang & Liang, 1992). 

Syntypes: 29 specimens, number  0062654—0062682 
(number 0062666 was allotype in original description). 

Twelve specimens were in a tube with a "Holotype and 
Paratype" label. Authors didn't indicate the holotype or paratype 
(holotype, allotype and paratype in original description). 

Type locality: Qiongzhu Temple, Kunming City, Yunnan 
Province, China. 

(156) Drosophila (Lordiphosa) archoroides Zhang, 1993 

Drosophila (Lordiphosa) archoroides Zhang, 1993b (Zhang, 
1993b). 

Holotype: number 0062833. Paratype: 1 specimen, number 
0062834. 

Type locality: Daboqing, Dali City, Yunnan Province, China. 
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(157) Drosophila (Lordiphosa) biconvexa Zhang et Liang, 

1992 
Drosophila (Lordiphosa) biconvexa Zhang et Liang, 1992 

(Zhang & Liang, 1992). 

Syntypes: 37 specimens, number 00627 18—0062754. 

Two specimens were in a tube with "sp. nov" label and other 
two specimens were in another tube with a "1 ? Allotype"label. 
Authors didn't indicate which is holotype, allotype or paratype. 

Type locality: Dapoging, Dali City, Yunnan Province, China. 
(158) Drosophila (Lordiphosa) flava Zhang et Liang, 1992 

Drosophila (Lordiphosa) flava Zhang et Liang, 1992 (Zhang & 
Liang, 1992). 

Syntypes: 3 specimens, number 0062824—0062826. 

Three specimens were in a tube with "sp. nov." label. Authors 
didn't indicate the holotype, allotype or paratype (holotype, 
allotype and paratype in original description). 

Type locality: Dapoqing, Dali, Yunnan Province, China. 

(159) Drosophila (Lordiphosa) forcipata Zhang, 1993 
Drosophila (Lordiphosa) forcipata Zhang, 1993b (Zhang, 

1993b). 

Syntypes: 3 specimens, number 0062841—0062843 (number 
0062843 was allotype in original description). 

Two specimens were in a tube with "sp. nov." label. Author 
didn't indicate which is holotype and which is paratype. 

Type locality: Kunming City, Yunnan Province, China. 

(160) Drosophila (Lordiphosa) penicilla Zhang, 1993 
Drosophila (Lordiphosa) penicilla Zhang, 1993b (Zhang, 1993b). 
Syntypes: 6 specimens, number 0062835—0062840. 

Three specimens were in a tube with a "sp. nov." label, two 
specimens were in another tube. Author didn't indicate which is 
holotype or paratype. 

Type locality: Kunming City, Yunnan Province, China. 

(161) Drosophila (Lordiphosa) picea Zhang et Liang, 1992 
Drosophila (Lordiphosa) picea Zhang et Liang, 1992 (Zhang 

& Liang, 1992). 

Holotype: number 0062755. Paratypes: 68 specimens, 
number 0062756-0062823 (number 0062756 was allotype in 
original description). 

Type locality: Daboqing, Dali City, Yunnan Province, China. 
(162) Drosophila (Lordiphosa) protrusa Zhang et Liang, 
1992 

Drosophila (Lordiphosa) protrusa Zhang et Liang, 1992 
(Zhang & Liang, 1992). 

Syntypes: 16 specimens, number  0062683—0062698 
(number 0062688 was allotype in original description). 

Five specimens were in a tube with a "Holotype and 
Paratype" label. Authors didn't indicate which is holotype and 
which is paratype. 

Type locality: Qiongzhu Temple, Kunming City, Yunnan 
Province, China. 

(163) Drosophila (Lordiphosa) ramipara Zhang et Liang, 

1992 
Drosophila (Lordiphosa) ramipara Zhang et Liang, 1992 

(Zhang & Liang, 1992). 

Syntypes: 27 specimens, number 0062627-—0062653. 

Ten specimens were in a tube with "n. sp." label, six 
specimens were in a tube with “sp. nov." label, seven 
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specimens were in a tube with "sp. nov.” label, and two 
specimens were in a tube with "sp. nov." label. Authors didn't 
indicate the holotype or paratype (holotype, allotype and 
paratype in original description). 

Type locality: Western Hill, Kunming City, Yunnan Province, 
China. 

(164) Drosophila (Lordiphosa) ramosissima Zhang et Liang, 
1992 

Drosophila (Lordiphosa) ramosissima Zhang et Liang, 1992 
(Zhang & Liang, 1992). 

Syntypes: 19 specimens, number 0062699-00627 17. 

Seventeen specimens were in a tube with a "sp. nov." label. 
Authors didn't indicate which is holotype, allotype or paratype. 

Type locality: Western Hill, Kunming City, Yunnan Province, 
China. 

(165) Drosophila (Sophophora) apicespinata Zhang et Gan, 
1986 

Drosophila (Sophophora) apicespinata Zhang et Gan, 1986 
(Zhang & Gan, 1986). 

Holotype: number 0058595. Paratype: 1 specimen, number 
0058596. 

Type locality: Kunming City, Yunnan Province, China. 

(166) Drosophila (Sophophora) bifidiprocera Zhang et Gan, 
1986 

Drosophila (Sophophora) bifidiprocera Zhang et Gan, 1986 
(Zhang & Gan, 1986). 

Holotype: number 0058583. Paratypes: 9 specimens, 
number 0058584—0058592 (number 0058584 was allotype in 
original description). 

Type locality: Kunming City, Yunnan Province, China. 

(167) Drosophila (Sophophora) dianensis Gao et Watabe, 
2003 

Drosophila (Sophophora) dianensis Gao et Watabe, 2003 
(Gao et al, 2003). 

Holotype: number 0075414. Paratypes: 3 specimens, 
number 0075415—0075417. 

Type locality: Jiaoye Park, Kunming City, Yunnan Province, 
China. 

(168) Drosophila (Sophophora) hideakii Gao et Toda, 2009 

Drosophila (Sophophora) hideakii Gao et Toda, 2009 (Gao et 
al, 2009). 

Paratypes: 10 specimens, number 0062570—0062579. 

Type locality: RTM, Kinabalu, Sabah, Malaysia. 

(169) Drosophila (Sophophora) hypercephala Gao et Toda, 
2009 

Drosophila (Sophophora) hypercephala Gao et Toda, 2009 
(Gao et al, 2009). 

Paratypes: 9 specimens, number 0062561—0062569. 

Type locality: Kinabalu Park, Sabah Parks, Sabah, 
Malaysia. 

(170) Drosophila (Sophophora) limingi Gao et Watabe, 2003 

Drosophila (Sophophora) limingi Gao et Watabe, 2003 (Gao 
et al, 2003). 

Holotype: number 0075418. Paratypes: 6 specimens, 
number 0075419—0075424. 

Type locality: Jiaoye Park, Kunming City, Yunnan Province, 
China. 


(171) Drosophila (Sophophora) luguensis Gao et Toda, 
2003 

Drosophila (Sophophora) luguensis Gao et Toda, 2003 (Gao 
et al, 2003). 

Holotype: number 0075358. Paratypes: 55 specimens, 
number 0075359-0075413. 

Type locality: Lugu Lake Nature Reserve, Lijiang City, 
Yunnan Province, China. 
(172) Drosophila (Sophophora) quadrangula Gao et Toda, 
2009 

Drosophila (Sophophora) quadrangular Gao et Toda, 2009 
(Gao et al, 2009). 

Paratypes: 3 specimens, number 0062580—0062582. 

Type locality: Mesilau, Kinabalu Mountain, Sabah, Malaysia. 
(173) Hirtodrosophila yapingi Gao, 2011 

Hirtodrosophila yapingi Gao, 2011 (Gao, 2011). 

Holotype: number 0075425. Paratypes: 12 specimens, 
number 0075426—0075437. 

Type locality: Bamboo Temple, Kunming City, Yunnan 
Province, China. 
(174) Lordiphosa cultrata Zhang, 1993 

Lordiphosa cultrata Zhang, 1993 (Zhang, 1993a). 

Holotype: number 0062986. 

Type locality: Bamboo Temple, Kunming City, Yunnan 
Province, China. 
(175) Lordiphosa deqenensis Zhang, 1993 

Lordiphosa degenensis Zhang, 1993 (Zhang, 1993a). 

Paratype: 1 specimen, number 0062987 (number 0062987 
was allotype in original description). 

Type locality: Adongshan Mountain, Deqin County, Yunnan 
Province, China. 
(176) Lordiphosa falsiramula Zhang, 1993 

Lordiphosa falsiramula Zhang, 1993 (Zhang, 1993a). 

Holotype: number 0062992. Paratype: 1 specimen, number 
0062993 (number 0062993 was allotype in original description). 

Type locality: Daboqing, Dali City, Yunnan Province, China. 
(177) Lordiphosa ramula Zhang, 1993 

Lordiphosa ramula Zhang, 1993 (Zhang, 1993a). 

Syntypes: 4 specimens, number 0062988-0062991 (number 
0062990 was allotype in original description). 

Two specimens were in a tube with a "Holotype" label. Author 
didn't indicate which is holotype or paratype. 

Type locality: Bamboo Temple, Kunming City, Province, 
China. 
(178) Lordiphosa vittata Zhang et Liang, 1994 

Lordiphosa vittata Zhang et Liang, 1994 (Zhang & Liang, 
1994). 

Holotype: number 0062609. 

Type locality: Bamboo Temple, Kunming City, Yunnan 
Province, China. 
(179) Microdrosophila (Microdrosophila) bipartita Zhang, 
1989 

Microdrosophila (Microdrosophila) bipartita Zhang, 1989 
(Zhang, 1989). 

Syntypes: 6 specimens, number 0062942—0062947. 

Five specimens were in a tube without type label, and one 
specimen was in anothor tube without type label. Author didn’t 


indicate which is holotype, allotype or paratype. 

Type locality: Mulong, Honghe County, Yunnan Province, 
China. 
(180) Microdrosophila (Microdrosophila) cucullata Zhang, 
1989 

Microdrosophila (Microdrosophila) cucullata Zhang, 1989 
(Zhang, 1989). 

Syntypes: 3 specimens, number 0062983—0062985. 

Two specimens were in a tube without type label. Author 
didn't indicate which is holotype or paratype. 

Type locality: Shangyong, Mengla County, Yunnan Province, 
China. 
(181) Microdrosophila (Microdrosophila) curvula Zhang, 
1989 

Microdrosophila (Microdrosophila) curvula Zhang, 1989 
(Zhang, 1989). 

Holotype: number 0062932. Paratype: 1 specimen, number 
0062933. 

Type locality: Shangyong Town, Mengla County, Yunnan 
Province, China. 
(182) Microdrosophila (Microdrosophila) conda Zhang, 
1989 

Microdrosophila (Microdrosophila) conda Zhang, 1989 
(Zhang, 1989). 

Paratypes: 53 specimens, number 0062879-0062931. 

Type locality: Menglong, Mengla County, Yunnan Province, 
China. 
(183) Microdrosophila (Microdrosophila) dentata Zhang, 
1989 

Microdrosophila (Microdrosophila) dentata Zhang, 1989 
(Zhang, 1989). 

Holotype: number 0062940. 

Type locality: Shangyong Town, Mengla, County, Yunnan 
Province, China. 
(184) Microdrosophila 
Zhang, 1989 

Microdrosophila (Microdrosophila) luchunensis Zhang, 1989 
(Zhang, 1989). 

Holotype: number 0062941. 

Type locality: Luchun County, Yunnan Province, China. 
(185) Microdrosophila (Microdrosophila) setulosa Zhang, 
1989 

Microdrosophila (Microdrosophila) setulosa Zhang, 1989 
(Zhang, 1989). 

Syntypes: 6 specimens, 0062934—0062939. 

Five specimens were in a tube without type label. Author 
didn't indicate which is holotype or paratype. 

Type locality; Shangyong Town, Mengla County, Yunnan 
Province, China. 
(186) Microdrosophila (Microdrosophila) spiciferipennis 
Zhang, 1989 

Microdrosophila (Microdrosophila) spiciferipennis Zhang, 
1989 (Zhang, 1989). 

Syntypes: 35 specimens, number 0062948—0062982. 

Twenty seven specimens were in a tube without type label, 
eight specimens were in another tube without type label. Author 
didn't indicate which is holotype or paratype. 


(Microdrosophila) _luchunensis 
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Type locality; Shangyong Town, Mengla County, Yunnan 
Province, China. 

(187) Microdrosophila (Oxystyloptera) magniflava Zhang, 
1989 

Microdrosophila (Oxystyloptera) magniflava Zhang, 1989 
(Zhang, 1989). 

Syntypes: 9 specimens, number 0062870—0062878. 

Seven specimens were in a tube with a "Hollotype, Allotype 
and Paratype" label. Author didn't indicate which is holotype, 
allotype or paratype. 

Type locality; Shangyong Town, Mengla County, Yunnan 
Province, China. 


(ii) Tachinidae 
(188) Cavillatrix luteipes Shima et Chao, 1992 

Cavillatrix luteipes Shima et Chao, 1992 (Shima & Chao, 
1992). 

Holotype: number 0058612. 

Type locality: Menghai, Xishuangbanna, Yunnan Province, 
China. 

(189) Dexiomimops fuscata Shima et Chao, 1992 

Dexiomimops fuscata Shima et Chao, 1992 (Shima & Chao, 
1992). 

Holotype: number 0058635. Paratype: 1 specimen, number 
0058636. 

The collector of number 0058636 is H. Shima on label (H. 
Shima & X. Liu in original description). 

Type locality: Ailaoshan Shengtaizhan, Yunnan Province, 
China. 

(190) Winthemia aurea Shima, Chao et Zhiang, 1992 

Winthemia aurea Shima, Chao et Zhiang, 1992 (Shima et al, 
1992). 

Holotype: number 0058622. Paratypes: 5 specimens, 
number 0058623—0058627. 

Type locality: Menghai, Xishuangbanna, Yunnan Province, 
China. 

(191) Winthemia brevicornis Shima, Chao et Zhiang, 1992 

Winthemia brevicornis Shima, Chao et Zhiang, 1992 (Shima 
et al, 1992). 

Holotype: number 0058634. 

Type locality: Mengman, Xishuangbanna, Yunnan Province, 
China. 

(192) Winthemia marginalis Shima, Chao et Zhiang, 1992 

Winthemia marginalis Shima, Chao et Zhiang, 1992 (Shima 
et al, 1992). 

Holotype: number 0058615. Paratypes: 6 specimens, 
number 0058616—0058621. 

The collecting date of number 0058615 is 1989.10.09 on 
label (1985.10.09 in original description); the collecting date and 
altitude of number 0058621 are 1989.10.13 and 1 000 m on 
label (1983.10.13 and 800 m in original description). 

Type locality: Menggao, Xishuangbanna, Yunnan Province, 
China. 

(193) Winthemia proclinata Shima, Chao et Zhiang, 1992 

Winthemia proclinata Shima, Chao et Zhiang, 1992 (Shima et 
al, 1992). 

Holotype: number 0058630. Paratypes: 3 specimens, 
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number 0058631—0058633. 

Type locality: Mengya, Xishuangbanna, Yunnan Province, 
China. 
(194) Winthemia verticillata Shima, Chao et Zhiang, 1992 

Winthemia verticillata Shima, Chao et Zhiang, 1992 (Shima 
et al, 1992). 

Holotype: number 0058628. Paratype: 1 specimen, number 
0058629. 

Type locality: Simao, Yunnan Province, China. 
(195) Phyllomya palpalis Shima et Chao, 1992 

Phyllomya palpalis Shima et Chao, 1992 (Shima & Chao, 
1992). 

Holotype: number 0058613. 

Type locality: Weixi County, Deqin County, Yunnan Province, 
China. 
(196) Phyllomya rufiventris Shima et Chao, 1992 

Phyllomya rufiventris Shima et Chao, 1992 (Shima & Chao, 
1992). 

Holotype: number 0058614. 

Type locality: Mengya, Xishuangbanna, Yunnan Province, 
China. 


Vill. LEPIDOPTERA 


(i) Papilionidae 
(197) Lamproptera paracurius Hu, Zhang et Cotton, 2014 

Lamproptera paracurius Hu, Zhang et Cotton, 2014 (Hu et al, 
2014). 

Holotype: number 0070950. Paratypes: 4 specimens, 
number 0070951—0070954. 

Type locality: Dongchuan, Yunnan Province, China. 

(198) Pathysa agetes chinensis Chou et Li, 1994 

Pathysa agetes chinensis Chou et Li, 1994 (Chou, 1994). 

Holotype: number 0058672. 

Type locality: Daweishan Mountain, Pingbian County, 
Yunnan Province, China. 

(199) Papilio nephelus hefongenis Li et Li, 1992 

Papilio nephelus hefongenis Li et Li, 1992 (Li & Li, 1992). 

Holotype: number 0058677. Paratype: 1 specimen, number 
0058678. 

Type locality: Hefeng County, Hubei Province, China. 

(200) Bhutanitis lidderdalii ailaonensis Li, 1994 

Bhutanitis lidderdalii ailaonensis Li, 1994 (Li, 1994c). 

Holotype: number 0058679. 

The information of number 0058679 is “Yunnan, Xujiaba, 
1990.08.20, 2 600 m, Liang coll., male” on label (not mentioned 
in original description). Author (Li Changlian) has confirmed the 
type information on label. 

Type locality: Xujiaba, Yunnan Province, China. 

(201) Bhutanitis lidderdalii yingjiangi Li, 1987 

Bhutanitis lidderdalii yingjiangi Li, 1987 (Li, 1987). 

Holotype: number 0058683. 

Type locality: Xima Town, Yingjiang County, Yunnan 
Province, China. 

(202) Bhutanitis thaidina chongjiangnensis Li, 1994 

Bhutanitis thaidina chongjiangnensis Li, 1994 (Li, 1994c). 

Holotype: number 0058680. Paratype: 1 specimen, number 


0058682. 
Type locality: Chongjiang River, Zhongdian County, Yunnna 
Province, China. 


(ii) Parnassiidae 
(203) Parnassius baileyi renzinensis Li, 1994 

Parnassius baileyi renzinensis Li, 1994 (Li, 1994c). 

Holotype: number 0058684. Paratypes: 2 specimens, 
number 0058685—0058686. 

Type locality: Renzhixueshan Mountain, Yunnan Province, 
China. 
(204) Parnassius biamanensis Li, 1994 

Parnassius biamanensis Li, 1994 (Li, 1994c). 

Holotype: number 0058689. 

Type locality: Baimaxueshan Mountain, Yunnan Province, 
China. 
(205) Parnassius simo biamanensis Li, 1994 

Parnassius simo biamanensis Li, 1994 (Li, 1994c). 

Paratypes: 2 specimens, number 0058690—0058691. 

Type locality: Baimaxueshan Mountain, Deqin County, 
Yunnan Province, China. 


(iii) Satyridae 
(206) Aphantopus deqenensis Li, 1995 

Aphantopus deqgenensis Li, 1995 (Li, 1995). 

Holotype: number 0058660. Paratypes: 4 specimens, 
number 005866 1—0058662, 0058664—0058665. 

The collecting date of 0058664—0058665 is 1985.07.18 on 
label (1985.07.17 in original description). 

Type locality: Degin, Yunnan Province, China. 

(207) Chonala episcopalis yunnana Li, 1994 

Chonala episcopalis yunnana Li, 1994 (Chou, 1994). 

Holotype: number 0058637. 

The collector of number 0058637 is Wang Jixian on label (Li 
Changlian coll. in original description). 

Type locality: Xiaozhongdian, Zhongdian, Yunnan Province, 
China. 

(208) Paralasa ruricola zhongdianensis Li, 1994 

Paralasa ruricola zhongdianensis Li, 1994 (Li, 1994b). 

Holotype: number 0058644. 

The collecting date of number 0058641 is 1987.06.18 on 
label (1987.N.18 in original description). Author (Li 
Changlian) has confirmed collecting date 1987.N.18 was a 
misprinting in original descripition. 

Type locality: Zhongdian, Yunnan Province, China. 

(209) Paralasa rurigena zhongdianensis Li, 1994 

Paralasa rurigena zhongdianensis Li, 1994 (Li, 1994b). 

Holotype: number 0058642. Paratype: 1 specimen, number 
0058643. 

The collecting dates of number 0058642 and 0058643 are 
1987.06.28 and 1987.06.18 on label respectively (1987.N.18 in 
original description). Author (Li Changlian) has confirmed 
that collecting date of number 0058642 and 0058643 in original 
description was a misprinting. 

Type locality: Zhongdian, Yunnan Province, China. 

(210) Paralasa zhongdianensis Li, 1994 

Paralasa zhongdianensis Li, 1994 (Li, 1994b). 


Holotype: number 0058644. Paratypes: 2 specimen, number 
0058645-0058646. 

The collecting date of all types is 1987.06.18 on label 
(1987.N.18 in original description). Author (Li Changlian) 
thought the information on label was right and it was a misprint 
in original descripition. 

Type locality: Zhongdian, Yunnan Province, China. 

(211) Penthema darlisa pallida Li, 1994 

Penthema darlisa pallida Li, 1994 (Chou, 1994). 

Paratypes: 2 specimens, number 0058639—0058640. 

Type locality: Fugong County, Yunnan Province, China. 

(212) Loxerebia lianhuanesis Li, 1994 

Loxerebia lianhuanensis Li, 1994 (Li, 1994a). 

Holotype: number 0058653. 

The collecting date of number 0058653 is 1983.08.22 on 
label (1983.NII.22 in original description). Author (Li 
Changlian) has confirmed the collecting date 1983.NII.22 was a 
misprinting in original descripition. 

Type locality: Xiaozhongdian, Zhongdian, Yunnan Province, 
China. 

(213) Loxerebia sylvicola degenensis Li, 1994 

Loxerebia sylvicola degenensis Li, 1994 (Li, 1994a). 

Holotype: number 0058647. Paratypes: 5 specimens, 
number 0058648—0058652. 

The collecting date of number 0058647 is 1985.07.18 on 
label (1985.NI.18 in original description); number 0058649- 
0058651 is 1989.07 on label (1989.NI in original description); 
number 0058652 is 1983.08 on label (1883.NII in original 
description). Author (Li Changlian) has confirmed the collecting 
dates of number 0058647, number 0058649-0058651 and 
number 0058652 in original description were a misprinting. 

Type locality: Degin, Yunnan Province, China. 

(214) Loxerebia zhongdianensis Li, 1994 

Loxerebia zhongdianensis Li, 1994 (Li, 1994a). 

Holotype: number 0058654. 

Type locality: Xiaozhongdian, Zhongdian, Yunnan Province, 
China. 

(215) Neope simulans binchuanensis Li, 1995 

Neope simulans binchuanensis Li, 1995 (Li, 1995). 

Holotype: number 0058657. 

Type locality: Jizushan Mountain, Yunnan Province, China. 
(216) Neope christi dali Li, 1994 

Neope christi dali Li, 1994 (Chou, 1994). 

Holotype: number 0058655. Paratype: 1 specimen, number 
0058656. 

The collecting date of number 0058655 is 1987.06.16 on 
label (1981.06.16 in original description); the sex of number 
0058656 is male (female in original description). Author (Li 
Changlian) has confirmed collecting date in original description 
was a misprinting. 

Type locality: Hudiequan, Dali, Yunnan Province, China. 
(217) Neope pulaha emeinsis Li, 1995 

Neope pulaha emeinsis Li, 1995 (Li, 1995). 

Holotype: number 0058658. 

Type locality: Emei Mountian, Sichuan Province, China. 

(218) Neope muirheadi menglaensis Li, 1995 

Neope muirheadi menglaensis Li, 1995 (Li, 1995). 
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Holotype: number 0058659. 

The collecting date of number 0058659 is 1982.04.22 on 
label (1982.06.23 in original description). 

Type locality: Xiaomenglun, Mengla County, Yunnan 
Province, China. 
(219) Neope oberthueri yangbiensis Li, 1995 

Neope oberthueri yangbiensis Li, 1995 (Li, 1995). 

Holotype: number 0058667. Paratypes: 2 specimens, 
number 0058669—0058670. 

The altitude of number 0058667 is 2470 m on label (2000 — 
2450 m in original description). 

Type locality: Shimenguan, Yangbi, Yunnan Province, China. 
(220) Orinoma alba Chou et Li, 1994 

Orinoma alba Chou et Li, 1994 (Chou, 1994). 

Holotype: number 0058638. 

The altitude of number 0058638 is 2 600 m on label (not 
mentioned in original description). 

Type locality: Ailaoshan Mountain, Jingdong County, Yunnan 
Province, China. 


(iv) Nymphalidae 
(221) Symbrenthia leoparda Chou et Li, 1994 

Symbrenthia leoparda Chou et Li, 1994 (Chou, 1994). 

Holotype: number 0058673. 

The collecting date and altitude of number 0058673 are 
1992.06.15 and 2 200 m on label (1992.06.15 and 2000 m in 
original description). 

Type locality: Daweishan Mountain, Yunnan Province, China. 


(v) Sphingidae 
(222) Langia kunmingensis Zhao, 1984 

Langia kunmingensis Zhao, 1984 (Zhao, 1984). 

Syntype: 1 specimen, number 0058847. 

The specimens of number 0058847—0058857 were in the 
same box. All types’ informations in original description were 
“Yunan, Kunming, Huahongdong, 1975.IV.5, Zhao Wanyuan 
coll.”. Only number 0058847 had the same information as the 
original description. The collecting date of number 0058848- 
0058851 is 1975.03.21 on label. The collecting date of number 
0058852 is 1975.03.19 on label. The collecting date and 
collector of number 0058853 are 1976.03.22 and Liu Qirong on 
label. The collecting date and collector of number 0058854 are 
1976.03.30 and Yang Jianping on label. The collecting date and 
collector of number 0058856 are 1976.03.30 and Gan Yunxing 
on label. The collecting date and collector of number 0058857 
are 1976.03.1 and Dai Meili on label. 

Type locality: Huahongdong, Kunming, Yunnan Province, 
China. 


(vi) Hepialidae 
(223) Hepialus albipictus Yang, 1993 

Hepialus albipictus Yang, 1993 (Yang, 1993). 

Syntypes: 3 specimens, number 0058957—0058959. 

The specimens of number 0058957—0058959 were pinned 
on a long red label which printed "Holotype". Author didn't 
indicate which is holotype and which is paratype. Author (Yang 
Darong) has confirmed that holotype's right wings and the 
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abdomen had been cutted. The specimen of number 0058957 
without right wings and the abdomen cutted, may be the 
holotype. The collecting date of number 0058958 is 1989.07.19 
on label (1989.VII.12—18 in original description). 

Type locality: Renzhixueshan Mountain, Deqin County, 
Yunnan Province, China. 

(224) Hepialus anomopterus Yang, 1994 

Hepialus anomopterus Yang, 1994 (Yang, 1994). 

Syntypes: 4 specimens, number 0058934—0058937. 

The specimens of number 0058934—0058937 were pinned 
on a long red label which printed “Holotype”. Author (Yang 
Darong) didn’t indicate which is holotype and which is 
paratype.The collecting date of number 0058934 and 0058937 
is 1992.06.24 on label (1992.VI.25—26 in original description). 
The collecting date of number 0058935 is 1992.06.23 on label 
(1992.V1.25—26 in original description). 

Type locality: Laojunshan Mountain, Jianchuan County, 
Yunnan Province, China. 

(225) Hepialus bibelteus Shen et Zhou, 1997 

Hepialus bibelteus Shen et Zhou, 1997 (Shen & Zhou, 1997). 

Holotype: number 0058858. Paratypes: 2 specimen, number 
0058859-0058860 (number 0058859 was allotype in original 
description). 

Type locality: Meiduotong, Yunnan Province, China. 

(226) Hepialus ferrugineus Li, Yang et Shen, 1993 

Hepialus ferrugineus Li, Yang et Shen, 1993 (Li et al, 1993). 

Syntypes: 2 specimens, number 0058963—0058964. 

The specimens of number 0058963-0058964 were needled 
on a long red label which printed "Holotype". Authors didn't 
indicate which is holotype and which is paratype. The collecting 
date of number 0058963 and 0058964 is 1987.06.01 and 
1987.07.08 on label respectively (1989.07.12 in original 
description). 

Type locality: Baimaxueshan Mountain, Deqin County, 
Yunnan Province, China. 

(227) Hepialus latitegumenus Shen et Zhou, 1997 

Hepialus latitegumenus Shen et Zhou, 1997 (Shen & Zhou, 
1997). 

Holotype: number 0058861. Paratype: 1 specimen, number 
0058862. 

Type locality: Baimaxueshan Mountain, Yunnan Province, 
China. 

(228) Hepialus markamensis Yang, Li et Shen, 1992 

Hepialus markamensis Yang, Li et Shen, 1992 (Yang et al, 
1992). 

Syntypes: 4 specimens, number 0058965—0058968. 

The specimens of number 0058965-0058968 were pinned 
on a long red label on which "Holotype" was printed. Authors 
(Yang, Li and Shen) didn't indicate which is holotype and 
paratype. One author (Yang Darong) has confirmed that 
holotype's right wings and the abdomen had been cutted. The 
specimen of number 0058965 without right wings and the 
abdomen cutted, may be the holotype. The locality of number 
0058965—00589668 is Xizang, Chali on label (Xizang, Mangkang 
county, Nimasha Snow Mountain in original description); the 
collecting date and collector of number 0058966 are 
1990.07.31 and Yang Darong on label (1990.07.12 and Yang 


Zonglong in original description). 

Type locality: Nimashaxueshan Mountain, Mangkang County, 
Xizang Province, China. 

(229) Hepialus jianchuanensis Yang, 1994 

Hepialus jianchuanensis Yang, 1994 (Yang, 1994). 

Syntypes: 65 specimens, number  0058863-0058918, 
0058920—0058925, 0058927—0058929. 

Three specimens was pinned on a long red label on which 
"Holotype" was printed, and followed by other 62 specimens 
which have the same information on labels as three types in 
original description. Maybe all of them are types, but author 
(Yang Darong) didn't indicate which is holotype and which is 
paratype. 

Type locality: Laojunshan Mountain, Jianchuan County, 
Yunnan Province, China. 

(230) Hepialus jialangensis Yang, 1994 

Hepialus jialangensis Yang, 1994 (Yang, 1994). 

Syntypes: 2 specimens, number 0058950—0058951. 

The specimens of number 0058950-0058951 were pinned 
on a long red label on which "Holotype" was printed. Author 
(Yang Darong) didn't indicate which is holotype and which is 
paratype. The information of number 0058951 is "Deqin, Mt. 
Meili, 1987.07.04, Shen Farong, Wang Ying, Xiu Ying" on label 
(Xizang, Zuogong county, Jialiang, west of Mt. Meili, altitude 
4000—4600m, 1985.VII.26—29, Yang Darong, Chun Sheng coll. 
in original description). 

Type locality: Meilixueshan Mountain, Jialang, Mangkang 
County, Xizang Province, China. 

(231) Hepialus jinshaensis Yang, 1993 

Hepialus jinshaensis Yang, 1993 (Yang, 1993). 

Syntypes: 3 specimens, number 0058960—0058962. 

The specimens of number 0058960—-0058962 were pinned 
on a long red label on which "Holotype" was printed. Author 
(Yang Darong) didn't indicate which is holotype and which is 
paratype. Author (Yang Darong) has confirmed that holotype's 
right wings and abdomen had been cutted. The specimen of 
number 0058960 without right wings and the abdomen cutted, 
may be holotype. The collecting date and collector of number 
0058960-0058962 are 1989.07.16 and Lu Zi on label 
(1989.07.15 and Yang Darong and Lu Zi in original description). 

Type locality: Baimaxueshan Mountain, Deqin County, 
Yunnan Province, China. 

(232) Hepialus pratensis Yang, Li et Shen, 1992 

Hepialus pratensis Yang, Li et Shen, 1992 (Yang et al, 1992). 

Syntypes: 7 specimens, number 0058969—0058975. 

The specimens of number 0058969-0058972 were pinned 
on a long red label on which "Holotype" was printed. The 
collecting date of number 0058969 and 0058973 is 1990.07.29 
on label (1990.VII.27 in original description). The collecting date 
of number 0058970 is 1990.07.25 on label (1990.VII.27 in 
original description). Number 0058973-0058975 were pinned 
on a long name label which had no type label, but their 
informations on labels were the same as original description, so 
we speculate they may be types. Author (Yang Darong) has 
confirmed that holotype's right wings and abdomen had been 
cutted. The specimen of number 0058969 without left wings 
and the abdomen cutted, may be the holotype. 


Type locality: Baimaxueshan Mountain, Deqin County, 
Yunnan Province, China. 

(233) Hepialus renzhiensis Yang, 1991 

Hepialus renzhiensis Yang, 1991 (Yang et al, 1991). 

Syntypes: 4 specimens, number 0058952—0058955. 

The specimens of number 0058952-0058955 were pinned 
on a long red label on which “Holotype” was printed. The 
collecting date and collector of number 0058952 are 
1990.07.18 and Yang Darong on label; the collecting date and 
collector of number 0058953 are 1990.06.30 and Yang Darong, 
Yang Aisheng on label; the collecting date and collector of 
number 0058954 are 1990.06.30 and Yang Darong, Yang 
Zonglong on label; the collecting date and collector of number 
0058955 are 1987.07.02 and Yang Darong on label. But the 
collecting date and collector of all speciemens are 1985-1987. 
VI. 16-28 and Yang Darong, Chun Sheng, Lu Zi in original 
description. 

Type locality: Renzhixueshan Mountain, Deqin County, 
Yunnan Province, China. 

(234) Hepialus yunnanensis Yang, Li et Shen, 1992 

Hepialus yunnanensis Yang, Li et Shen, 1992 (Yang et al, 
1992). 

Syntypes: 3 specimens, number 0058976—0058978. 

Three specimens of number 0058976-0058978 were pinned 
on a long red label on which "Holotype" was printed. Authors 
(Yang, Li and Shen) didn't indicate which is holotype and which 
is paratype. Author (Yang Darong) has confirmed that 
holotype's right wings and abdomen had been cutted. The 
specimen of number 0058976 without left wings and the 
abdomen cutted, may be holotype. The collecting date of 
number 0058977 is 1990.05.26 on label (1990.V.20—24 in 
original description); the collecting date of number 0058976 and 
0058978 is 1990.05.28 on label (1990.V.20-24 in original 
description). 

Type locality: Laojunshan Mountain, Jianchuan County, 
Yunnan Province, China. 

(235) Hepialus zaliensis Yang, 1994 

Hepialus zaliensis Yang, 1994 (Yang, 1994). 

Syntypes: 12 specimens, number 0058938—0058949. 

Eight specimens were pinned on a long red label on which 
"Holotype" was printed, followed by other four specimens. The 
collecting date of number 0058938-0058939, 0058944- 
0058945 and 0058947—0058948 is 1990.07.12 on label 
(1990.VII.14 in original description); the collecting date of 
number 0058941 is 1990.07.15 on label (1990.VII.14 in original 
description); the collecting date of number 0058940, 0058942 
and 0058946 is 1990.07.31 on label (1990.VII.14 in original 
description). 

Type locality: Calixueshan Mountain, Mangkang County, 
Xizang Province, China. 


IX. HYMENOPTERA 
(i) Aphidiidae 
(236) Aphidius cupressi Wang et Dong, 1996 


Aphidius cupressi Wang et Dong, 1996 (Dong & Wang, 1996). 
Holotype: number 0057623. Paratypes: 5 specimens, 
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number 0057624—0057628. 

Type locality: Kunming City, Yunnan Province, China. 
(237) Aphidius dianensis Dong et Wang, 1996 

Aphidius dianensis Dong et Wang, 1996 (Dong & Wang, 
1996). 

Holotype: number 0057629. Paratypes: 7 specimens, 
number 0057630—0057636 (number 0057630 was allotype in 
original description). 

Type locality: Kunming City, Yunnan Province, China. 

(238) Aphidius lincangensis Dong, 1988 

Aphidius lincangensis Dong, 1988 (Dong, 1988). 

Holotype: number 0057754. Paratypes: 7 specimens, 
number 0057755-0057761 (number 0057755 was allotype in 
original description). 

The collector of number 0057754—0057756, 0057757— 
0057760 is Dong Dazhi, the collector of number 0057757 and 
0057761 is Wang Yunzhen on label (not mentioned in original 
description). 

Type locality: Lincang City, Yunnan Province, China. 

(239) Ephedrus nelumbus Dong et Wang, 1996 

Ephedrus nelumbus Dong et Wang, 1996 (Dong & Wang, 
1996). 

Holotype: number 0057620. Paratypes: 2 specimen, number 
0057621—0057622 (number 0057621 was allotype in original 
description). 

The collecting date of number 0057621 and 0057622 is 
1978.V.28 on label (1977.V.12 in original description). 

Type locality: Yuxi, Yunnan Province, China. 

(240) Lysaphidus kunmingensis Wang et Dong, 1997 

Lysaphidus kunmingensis Wang et Dong, 1997 (Wang & 
Dong, 1997). 

Holotype: number 0057812. Paratypes: 16 specimens, 
number 0057813—0057828 (number 0057813 was allotype in 
original description). 

Type locality: Huahongdong, Kunming City, Yunnan Province, 
China. 

(241) Lysiphlebia chrysanthemum Dong et Wang, 1992 

Lysiphlebia chrysanthemum Dong et Wang, 1992 (Dong & 
Wang, 1992). 

Holotype: number 0057686. Paratypes: 67 specimens, 
number 0057687—0057753 (number 0057687 was allotype in 
original description). 

The altitude of number 0057686 is 740 m on label (not 
mentioned in original description). 

Type locality: Xianfeng County, Hubei Province, China. 

(242) Lysiphlebia jiangchuanensis Wang et Dong, 1996 

Lysiphlebia jiangchuanensis Wang et Dong, 1996 (Dong & 
Wang, 1996). 

Holotype: number 0057638. Paratypes: 5 specimens, 
number 0057639-0057643 (number 0057639 was allotype in 
original description). 

Type locality: Jiangchuan, Yunnan Province, China. 

(243) Lysiphlebia youyangensis Wang et Dong, 1992 

Lysiphlebia youyangensis Wang et Dong, 1992 (Dong & 
Wang, 1992). 

Holotype: number 0057644. Paratypes: 31 specimens, 
number 0057645-0057675 (number 0057645 was allotype in 
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original description). 

Type locality; Youyang County, Chongqing City (Yunnan 
Province), China. 

(244) Pauesia kunmingensis Dong, 1988 

Pauesia kunmingensis Dong, 1988 (Dong, 1988). 

Holotype: number 0057762. Paratypes: 14 specimens, 
0057763-0057764, 0057770-0057773, |0057775—0057782 
(number 0057763 was allotype in original description). 

Type locality: Kunming City, Yunnan Province, China. 

(245) Pauesia malongensis Dong et Wang, 1997 

Pauesia malongensis Dong et Wang, 1997 (Wang & Dong, 
1997). 

Holotype: number 0057783. Paratypes: 25 specimens, 
number 0057784—0057808 (number 0057784 was allotype in 
original description). 

Type locality: Malong County, Yunnan Province, China. 

(246) Trioxys (Binodoxys) hirsutus Wang et Dong, 1992 

Trioxys (Binodoxys) hirsutus Wang et Dong, 1992 (Dong & 
Wang, 1992). 

Holotype: number 0057676. Paratypes: 3 specimens, 
number 0057677—0057679 (number 0057677 was allotype in 
original description). 

Type locality: Kaili City, Guizhou Province, China. 

(247) Trioxys (Trioxys) robiniae Dong et Wang, 1992 

Trioxys (Trioxys) robiniae Dong et Wang, 1992 (Dong & 
Wang, 1992). 

Holotype: number 0057680. Paratypes: 5 specimens, 
number 0057681—0057685 (number 0057681 was allotype in 
original description). 

Type locality: Majiang County, Guizhou Province, China. 
(248) Trioxys (Binodoxys) spiraea Dong et Wang, 1992 

Trioxys (Binodoxys) spiraea Dong et Wang, 1992 (Dong & 
Wang, 1992). 

Holotype: number 0057838. Paratypes: 42 specimens, 
number 0057839-0057880 (number 0057839 was allotype in 
original description). 

Type locality: Yien County, Hubei Province, China. 


(ii) Ichneumonidae 

(249) Hepialichneumon baimaensis Dong, 1992 
Hepialichneumon baimaensis Dong, 1992 (Dong et al, 1992). 
Holotype: number 0057887. Paratype: 1 specimen, number 

0057888 (number 0057888 was allotype in original description). 
Type locality: Deqin County, Yunnan Province, China. 

(250) Hepialichneumon deqinensis Dong, 1992 
Hepialichneumon deqinensis Dong, 1992 (Dong et al, 1992). 
Holotype: number 0057889. Paratypes: 2 specimens, 

number 0057890—0057891 (number 0057890 was allotype in 

original description). 
The altitude of number 0057889—0057891 is 4400 m on label 

(4 500 m in original description). 

Type locality: Deqin County, Yunnan Province, China. 

(251) Hepialichneumon meiliensis Dong, 1992 
Hepialichneumon meiliensis Dong, 1992 (Dong et al, 1992). 
Holotype: number 0057892. 

Type locality: Baimaxueshan Mountain, Yunnan Province, 

China. 


(252) Hepialichneumon yulongensis Dong, 1992 


Hepialichneumon yulongensis Dong, 1992 (Dong et al, 1992). 


Holotype: number 0057881. Paratypes: 3 specimens, 
number 0057882-0057884 (number 0057882 was allotype in 
original description). 

The collector of types is Dong Dazhi on label (not mentioned 
in original description). 

This species is type species of genus Hepialichneumon. 

Type locality: Yulongxueshan Mountain, Lijiang City, Yunnan 
Province, China. 

(253) Lentocerus dentatus Dong, 1999 

Lentocerus dentatus Dong, 1999 (Dong & Chikahiko, 1999). 

Holotype: number 0057895. 

This species is type species of genus Lentocerus. 

Type locality: Lijiang, Yunnan Province, China. 

(254) Lentocerus lijiangensis Dong, 1999 

Lentocerus lijiangensis Dong, 1999 (Dong & Chikahiko, 
1999). 

Holotype: number 0057893. Paratype: 1 specimen, number 
0057894 (number 0057894 was allotype in original description). 

Type locality: Lijiang, Yunnan Province, China. 


(iii) Stenogastridae 
(255) Cochlischnogaster dadugangensis Dong et Otsuka, 
1997 

Cochlischnogaster dadugangensis Dong et Otsuka, 1997 
(Dong & Otsuka, 1997). 

Holotype: number 0057896. Paratypes: 11 specimens, 
number 0057897—0057907 (number 0057897 was allotype in 
original description). 

The collecting date of number 0057907 is 1990.08.12 on 
label (1989.10.04 in original description), the altitude of number 
0057896-0057905 are 850 m on label (not mentioned in 
original description). 

This species is type species of genus Cochlischnogaster. 

Type locality: Dadugang, Xishuangbanna, Yunnan Province, 
China. 

(256) Cochlischnogaster menglunensis Dong, 1997 

Cochlischnogaster menglunensis Dong, 1997 (Dong & 
Otsuka, 1997). 

Holotype: number 0057908. 

Type locality: Rezhisuo, Menglun Town, Yunnan Province, 
China. 


(iv) Vespidae 
(257) Vespa hekouensis Dong et Wang, 2003 

Vespa hekouensis Dong et Wang, 2003 (Dong & Wang, 
2003). 

Holotype: number 0058369. 

Type locality: Hekou County, Yunnan Province, China. 
(258) Vespa maguanensis Dong, 2001 

Vespa maguanensis Dong, 2001 (Dong, 2001). 

Holotype: number 0058365. Paratype: 1 specimen, number 
0058366 (number 0058366 was allotype in original description). 

Type locality: Maguan County, Yunnan Province, China. 
(259) Vespula gongshanensis Dong, 2005 

Vespula gongshanensis Dong, 2005 (Dong et al, 2005). 


Holotype: number 0057909. Paratypes: 387 specimens, 
number 0057910—0058296 (number 0057910 was allotype in 
original description). 

Type locality: Gongshan County, Yunnan Province, China. 
(260) Vespula nujiangensis Dong et Wang, 2004 

Vespula nujiangensis Dong et Wang, 2004 (Dong et al, 2004). 

Holotype: number 0058361. 

The altitude and collecting date of 0058361 are 2200 m and 
1999.09.05 on label (1 100 m and 1996.IV.05 in original 
description). 

Type locality: Liuku, Nujiang, Yunnan Province, China. 

(261) Vespula yulongensis Dong et Wang, 2002 

Vespula yulongensis Dong et Wang, 2002 (Dong et al, 2002). 

Holotype: number 0058360. 

Type locality: Yulongxueshan Mountain, Lijiang City, Yunnan 
Province, China. 

(262)Vespula yunlongensis Dong et Wang, 2003 

Vespula yunlongensis Dong et Wang, 2003 (Dong et al, 
2003). 

Holotype: number 0058362. Paratype: 1 specimen, number 
0058363. 

The collecting date of 0058362 is 1983.06.03 on label 
(1992.05.25 in original description). 

Type locality: Yunlong County, Yunnan Province, China. 


(v) Halictidae 
(263) Rhopalomelissa (Trichorhopalomelissa) yunnanensis 
Wu et He, 1985 

Rhopalomelissa (Trichorhopalomelissa) yunnanensis Wu et 
He, 1985 (He & Wu, 1985). 

Paratypes: 4 specimens, number 0058370—0058373. 

Type locality: Huahongdong, Kunming City, Yunnan Province, 
China. 


(vi) Anthophoridae 

(264) Elaphropoda yunnanensis He et Wu, 1990 
Elaphropoda yunnanensis He et Wu, 1990 (He et Wu, 1990). 
Paratypes: 2 specimens, number 0058374—0058375. 
Type locality: Kunming City, Yunnan Province, China. 


(vii) Formicidae 
(265) Discothyrea banna Xu, Burwell et Nakamura, 2014 
Discothyrea banna Xu, Burwell et Nakamura, 2014 (Xu et al, 
2014). 
Paratypes: 2 specimens, number 0076065—0076066. 
Type locality: Manzhuang Village, Shangyong Town, Mengla 
County, Yunnan Province, China. 
(266) Discothyrea diana Xu, Burwell et Nakamura, 2014 
Discothyrea diana Xu, Burwell et Nakamura, 2014 (Xu et al, 
2014). 
Paratypes: 2 specimens, number 0076067—0076068. 
Type locality: Bubang Village, Mengla Town, Mengla County, 
Yunnan Province, China. 


DISCUSSION 


In this article, we found several over-arching types of problems 
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in the curation of the deposited types at the KNHMZ. First, 
some information was misprinted in original descriptions, e.g., 
Roman numerals specifying collection were generally 
misprinted or illegible. Second, some mistakes occurred in 
which information on a label was not and/or incorrectly 
transferred to the original description (for publication). 
Additionally, after publishing records of new species, 
researchers did not add the type labels. 

As curators, we suggest that before the type specimen are 
deposited in the museum, they should be checked for 
consistency between label and original description, and marked 
as having or not having a type label. We further suggest that 
once any problem was found for type specimen, the initial 
publishing author should be contacted to eliminate 
discrepencies or missing information as soon as possible. 
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ABSTRACT 


The complex and dynamic vaginal microbial 
ecosystem is critical to both health and disease of 
the host. Studies focusing on how vaginal microbiota 
influences HIV-1 infection may face limitations in 
selecting proper animal models. Given that northern 
pig-tailed macaques (Macaca leonina) are 
susceptible to HIV-1 infection, they may be an 
optimal animal model for elucidating the 
mechanisms by which vaginal microbiota contributes 
to resistance and susceptibility to HIV-1 infection. 
However, little is known about the composition and 
temporal variability of vaginal microbiota of the 
northern pig-tailed macaque. Here, we present a 
comprehensive catalog of the composition and 
temporal dynamics of vaginal microbiota of two 
healthy northern pig-tailed macaques over 19 weeks 
using 454-pyrosequencing of 16S rRNA genes. We 
found remarkably high proportions of a diverse array 
of anaerobic bacteria associated with bacterial 
vaginosis. Atopobium and Sneathia were dominant 
genera, and interestingly, we demonstrated the 
presence of  Lactobacillus-dominated vaginal 
microbiota. Moreover, longitudinal analysis 
demonstrated that the temporal dynamics of the 
vaginal microbiota were considerably individualized. 
Finally, network analysis revealed that vaginal pH 
may influence the temporal dynamics of the vaginal 
microbiota, suggesting that inter-subject variability of 
vaginal bacterial communities could be mirrored in 
inter-subject variation in correlation profiles of 
species with each other and with vaginal pH over 
time. Our results suggest that the northern pig-tailed 
macaque could be an ideal animal model for 
prospective investigation of the mechanisms by 


which vaginal microbiota influence susceptibility and 
resistance to HIV-1 infection in the context of highly 
polymicrobial and Lactobacillus-dominated states. 


Keywords: Macaque; Vaginal microbiome; Bacterial 
vaginosis; Temporal dynamics; Networks 


Abbreviations: BV: bacterial vaginosis; CST: community 
state type; OTUs: operational taxonomic units; NHP: 
nonhuman primate; NPTM: northern pig-tailed macaques 
(Macaca leonina) 


INTRODUCTION 


The complex and dynamic vaginal microbial ecosystem is 
thought to have been shaped by long-term co-evolutionary 
processes between vaginal microbiota and the host, and is 
critical to both host health and disease (Brotman, 2011; Farage 
et al, 2010; Ma et al, 2012; Macklaim et al, 2012; White et al, 
2011). The dynamic equilibrium of the vaginal microbial 
ecosystem can be altered by external factors, such as sexual 
activity (Schwebke et al, 1999), vaginal douching (Brotman et al, 
2008), catamenial products (Hickey et al, 2013), smoking 
(Brotman et al, 2014), contraceptive use (Van De Wijgert et al, 
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2013), antibiotics (Cruciani et al, 2012) and vaginal 
microbicides (Ravel et al, 2012), and by internal factors, such 
as menses and hormonal changes during normal menstrual 
cycles (Gajer et al, 2012), resulting in microbial imbalances or 
dysbiosis in the vagina (Huang et al, 2014). 

Bacterial vaginosis (BV), an imbalance or dysbiosis of vaginal 
microbiota, is a highly prevalent clinical condition among 
reproductive-age women (Fredricks et al, 2005; Hickey et al, 
2012; Ma et al, 2012; Ravel et al, 2013). It is characterized by a 
quantitative and qualitative shift in composition of vaginal 
microbiota from a predominance of Lactobacillus species to a 
predominance of a diverse array of anaerobic bacteria (Hickey 
et al, 2012; Ma et al, 2012; Ravel et al, 2013). Although the 
mechanisms have not been established, current 
epidemiological evidence suggests that BV increases women’s 
susceptibility to HIV-1 infection (Atashili et al, 2008; Cohen et al, 
2012; Myer et al, 2005). In light of the link between BV and 
susceptibility to HIV-1 infection, understanding the dynamic shift 
in vaginal microbiota over time and the factors that influence it 
is an important component of developing vaginal microbiota- 
targeted strategies to help prevent vaginal HIV transmission 
and is necessary for characterizing healthy (resistant to 
infection) and dysbiotic (susceptible to infection) states (Reid, 
2014; Schellenberg & Plummer, 2012). 

Due to the many uncontrollable factors described above, it is 
very difficult to resolve these issues using human vaginal 
microbiota only. Conversely, due to their phylogenetic proximity 
to human beings, nonhuman primates can be important for 
hypothesis testing for the dynamics of vaginal microbiota 
thought to be associated with resistance and susceptibility to 
HIV-1 infection under highly controlled experimental conditions 
not achievable in human studies. Pig-tailed macaques share 
many similarities to humans in anatomy and physiology of the 
vagina, and are widely used as animal models for HIV sexual 
transmission and vaginal microbicide research (Baroncelli et al, 
2008; Hatziioannou & Evans, 2012; Veazey, 2013). It should be 
noted that pig-tailed macaques are the only Old World monkey 
known to be susceptible to HIV-1 infection with AIDS-like 
symptoms (Agy et al, 1992; Bosch et al, 2000; Hu, 2005; Kent 
et al, 1995). According to current primate taxonomy based on 
morphological characteristics and phylogeographic studies 
(Campbell et al, 2007; Gippoliti, 2001; Groves, 2001; Kuang et 
al, 2009; Malaivijitnond et al, 2012; Rosenblum et al, 1997), pig- 
tailed macaques are split into three species: Northern pig-tailed 
macaque (Macaca leonina, NPTM), located from about 8°N in 
peninsular Thailand, through Burma and Indochina into 
Bangladesh, India extending as far north as Brahmaputra, and 
the southernmost Yunnan province, China; Sunda pig-tailed 
macaque (Macaca nemestrina), distributed in the Malay 
Peninsula from about N7°30', Sumatra, Bangka and Borneo; 
and the Mentawai macaque (Macaca pagensis), living in the 
Mentawai Islands (Campbell et al, 2007; Groves, 2001; Kuang 
et al, 2009; Lei et al, 2014). In a previous report, we found that the 
TRIM5-Cyclophilin A (TRIM5-CypA) fusion protein in NPTM is 
dysfunctional in blocking HIV-1 infection, which may explain why 
pig-tailed macaques are susceptible to HIV-1 infection (Kuang et al, 
2009). As mentioned above, the NPTM appears to be an optimal 
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animal model for elucidating the mechanisms by which vaginal 
microbiota influences resistance and susceptibility to HIV-1 
infection. However, very little is known about the composition and 
temporal variability of vaginal microbiota in NPTM. 

The primary objective of this study was to characterize the 
changes in the composition of the vaginal microbiota of two 
healthy NPTM followed longitudinally over 19 weeks using a 
cultivation-independent method based on 454 pyrosequencing 
of 16S rRNA genes. Secondly, we aimed to quantitatively 
analyze temporal variability of the vaginal microbiota within 
individual macaques using ecology and network analysis. 


MATERIALS AND METHODS 


Experimental animals 

Healthy, sexually mature, non-pregnant and non-hormone- 
treated female NPTM (n=2, 5 years old) were used in the study. 
Macaques were individually housed in standard stainless steel 
primate cages in compliance with the Guide for the Care and 
Use of Laboratory Animals at Kunming Primate Research 
Center, accredited by the International Association for 
Assessment and Accreditation of Laboratory Animal Care. 
Housing rooms were environmentally controlled to maintain a 
temperature range of 18 °C to 29 °C, relative humidity of 30% 
to 7096, and a 12:12 light-dark cycle. Macaques were fed twice 
daily with monkey chow and a variety of fresh fruits and 
vegetables. All protocols and procedures (SYDW-2011016) 
used in this study were approved by the Kunming Institute of 
Zoology Institutional Animal Care and Use Committee. The 
macaques were trained for all procedures by giving fruit as a 
reward, and were negative for SIV, HIV-2, SRV, STLV, and CHV-1. 


Study design and vaginal swabs collection 

The protocol for obtaining vaginal swabs was as follows. Four 
vaginal swabs were collected from each macaque using 
individual sterile vaginal swabs. The temporal order of vaginal 
swab collection was as follows. Three vaginal swabs were 
utilized for genomic DNA extraction. The last vaginal swab was 
utilized for measuring vaginal pH. For investigating long interval 
temporal dynamic changes in the vaginal microbiome, the two 
female NPTM were studied from 17 November 2011 through to 
28 March 2012. Vaginal swabs were collected every other day 
in the first week, then once weekly over 7 weeks and once bi- 
weekly over 9 weeks. Overall, 108 vaginal swabs were 
collected over 19 weeks. Prior to obtaining vaginal swabs, each 
macaque was gently restrained and placed in ventral 
recumbency on a surgical table, with the pelvis elevated 
approximately 60 degrees from horizontal to help visualize the 
vulva. The area around the vulva was carefully wiped with 0.996 
sterile sodium chloride solution in a single upward motion going 
from vagina to anus, followed by a sterile gauze wiped in the 
same direction so as not to contaminate with perineal material 
and stool. A sterile nose speculum was used on the macaques 
with narrow vaginal openings to facilitate atraumatic insertion of 
a sterile vaginal swab into the vagina and exclude the possibility 
of contamination of the sample by perineal material and stool 
during entry and withdrawal of the vaginal swab. For sampling, 


vaginal swabs were twisted to collect the vaginal fluid on all 
sides on the tip of the swab and wiped in five full circles around 
the vaginal wall for 1 min before being carefully removed. The 
vaginal swab used for genomic DNA extraction was 
immediately separated from the stick with sterile scissors and 
placed in a sterile 5 mL cryovial (Greiner, Germany) on ice, then 
stored at -80 °C until analysis. The vaginal swab used for 
measuring vaginal pH was carefully rolled on a pH-indicator 
strip until the surface was covered completely with vaginal fluid. 


Metadata acquisition 

Vaginal pH of each macaque was determined by rolling the 
vaginal swab on a pH-indicator strip (Merck, Germany) with a 
resolution of 0.5 pH units, and was measured by comparing the 
color change on the pH-indicator strip with the color chart 
provided by the manufacturer. 


DNA extraction and purification 

Genomic DNA extractions from frozen vaginal swabs were 
performed according to Ravel et al (2011) with minor 
modification, using a two-step cell lysis procedure based on 
enzymatic and mechanical lysis. Briefly, the swabs were 
immersed in 600 uL of 1x phosphate-buffered saline (PBS) 
(Gibco, Invitrogen, USA) on ice and vortexed vigorously for 5 
min to resuspend the cells. A 500 pL aliquot was transferred to 
a sterile 2.0 mL tube containing 0.1 mm zirconia/silica beads 
(BioSpec Products, USA) and stored on ice before genomic 
DNA extraction. An enzymatic solution composed of 50 uL of 
lysozyme (10 mg/mL; Sigma-Aldrich, USA), 7.5 HL of 
mutanolysin (20 000 U/mL; Sigma-Aldrich), 4 uL of lysostaphin 
(3 000 U/mL; Sigma-Aldrich), and 38.5 uL of TE buffer (10 
mmol/L Tris-HCl and 1 mmol/L EDTA pH 8.0; Sigma-Aldrich) 
was added to the tube and mixed. The mixture was incubated 
for 1 h at 37 °C. Microbial cells were mechanically disrupted 
using TissueLyser Il (Qiagen, Germany) at 28 Hz for 2.5 min. 
Then, 20 pL of proteinase K (20 mg/mL; Qiagen), 4 uL of 
RNase A (100 mg/mL; Qiagen), and 600 pL of buffer AL 
(Qiagen) were added, vortexed thoroughly, and incubated for 
30 min at 56 °C. The lysate was processed using the QlAamp 
DNA Mini Kit (Qiagen) according to the manufacturer's 
protocols, but omitting the lysis steps. The DNA was eluted into 
150 uL of buffer AE (Qiagen). The concentration of DNA was 
determined using a NanoDrop ND-2000 spectrophotometer 
(Thermo Electron Corporation, USA). 


PCR amplification and pyrosequencing of barcoded 16S 
rRNA genes 

The PCR amplification and pyrosequencing of barcoded 16S 
rRNA genes were performed according to our previously 
described method (Zhang et al, 2013, 2014). PCR amplification 
of the V1-V2 hypervariable regions of the 16S rRNA genes was 
performed with barcoded universal bacterial primers 27F and 
338R containing Primer A or Primer B. The primers were as 
follows: 27F (Primer B) 5-CTATGCGCCTTGCCAGCCCGC 
TCAGTCAGAGTTTGATCCTGGCTCAG-3' and 338R (Primer A) 
5-CGTATCGCCTCCCTCGCGCCATCAGNNNNNNNNNNCAT 
GCTGCCTCCCGTAGGAGT-3', where the underlined letters 








denote Primer A and Primer B, universal bacterial primers 27F 
and 338R are in italic, and 10Ns represents a barcode unique 
for each sample. The PCR reactions were performed in 96-well 
PCR microplates (Axygen, USA) using 25 uL (total reaction 
volume) mixtures containing 2.5 uL of 10x PCR Gold buffer 
(Applied Biosystems, USA), 1.5 uL of MgCl; (25 mmol/L, 
Applied Biosystems), 2.0 uL of dNTP blend (2.5 mmol/L each; 
Applied Biosystems), 0.25 uL of primers 27F and 338R (20 
umol/L each), 0.25 uL of AmpliTaq Gold DNA polymerase (5 
U/uL; Applied Biosystems), and 50 ng of template DNA or 
RNAse/DNAse free water in case of negative controls. The 
negative controls were included in each 96-well PCR microplate. 
The microplates were then placed on a PCR-Cooler (Eppendorf, 
Germany) during PCR reaction mixture preparation. Reactions 
were run in a GeneAmp PCR System 9700 (Applied 
Biosystems) with the following cycling parameters: 10 min initial 
denaturing at 95 °C followed by 30 cycles of denaturing at 95 
°C for 30 s, annealing at 55 °C for 30 s, and elongation at 72 °C 
for 90 s, with a final extension at 72 °C for 10 min. Triplicate 
PCR reactions were performed independently for each sample. 
The barcoded amplicons from the triplicate reactions were then 
pooled together and subsequently detected by 1.5% agarose 
gel electrophoresis. Barcoded amplicons were stained with 
ethidium bromide and quantitated digitally on a ChemiDoc XRS 
system (BioRad, USA) following electrophoresis. According to 
the manufacturer’s protocols, barcoded amplicons were purified 
using a MinElute Gel Extraction Kit (Qiagen). The purified 
barcoded amplicons were then quantified with a Quant-iT 
PicoGreen dsDNA assay kit (Invitrogen, USA). Amplicon 
pyrosequencing was performed using Primer A and Primer B in 
the 454 Genome Sequencer FLX Titanium platforms (Roche, 
USA), in accordance with the manufacturer’s protocols, at the 
Kunming Biological Diversity Regional Center of Large 
Apparatus and Equipment, Chinese Academy of Sciences. 


Sequence analysis and taxonomic assignments 

Sequence analysis and taxonomic assignments were 
performed according to our previously described method 
(Zhang et al, 2013, 2014). Raw sequencing reads were quality 
trimmed using the QIIME pipeline v1.4.0 (Caporaso et al, 2010b) 
according to the following criteria: (a) exact matches to the 
barcode sequence and primer, (b) minimum and maximum 
length of 200 bp and 400 bp, (c) no ambiguous bases allowed, 
and (d) minimum quality score allowed in read=25. The 16S 
rRNA gene sequences were binned on the basis of the unique 
sequence barcodes associated with the unique primer used for 
each sample and trimmed by removal of the barcode and 
primer sequences. Sequencing errors were removed from 
fillered sequences using Denoiser 0.91 (Reeder & Knight, 
2010). The denoised sequence dataset was clustered into 
operational taxonomic units (OTUs) using CD-hit (Li & Godzik, 
2006) with the criterion of a minimum identity of 97%. A 
representative sequence was chosen from each OTU by 
selecting the longest sequence with the largest number of hits 
to other sequences in the OTU. Representative sequences 
were aligned to the Greengenes database (Desantis et al, 2006; 
McDonald et al, 2012) using PyNAST (Caporaso et al, 2010a) 
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with a minimum alignment length of 150 and a minimum identity 
of 75%. Using ChimeraSlayer (Haas et al, 2011), chimera 
sequences arising from the PCR amplification of multiple 
templates or parent sequences were detected and excluded 
from the aligned representative sequences. Sequences that 
met quality control criteria were classified to genus using 
Greengenes (Desantis et al, 2006; McDonald et al, 2012). We 
used the representative sequences to BLAST against 
assembled refseq genomes of microbes in GenBank to search 
the best hits for species. Searches against the database were 
conducted with MegaBLAST. A sequence read was annotated 
as the best hit to the database when the total score was highest, 
the E-value was lowest, and we obtained at least 9796 identical 
between query and subject. The Good's coverage of each 
sample was calculated as C=[1-(n/N)]x100%, where n is the 
number of singleton phylotypes per sample and N is the total 
number of sequence reads in that sample (Good, 1953). 
Samples that did not have at least 300 sequences after quality 
filtering and OTU assignment were excluded from cluster 
analysis of samples and the following analyses. 


Clustering analysis of vaginal bacterial communities 
According to bacterial composition and abundance, a cluster of 
vaginal bacterial communities with similar observed phylotype 
composition and relative abundances are assigned as a vaginal 
bacterial community state type (Gajer et al, 2012). Ward linkage 
hierarchical clustering of the Bray-Curtis distances between 
vaginal bacterial communities was performed. A Ward linkage 
hierarchical cluster dendrogram was generated by first 
generating a Bray-Curtis distance matrix with the dist function 
and passing this matrix to the hclust function in the R package 
vegan (Dixon, 2003; R Development Core Team, 2012). A 
heatmap was generated with the heatmap.2 function of the R 
package gplots (R Development Core Team, 2012) The 
Shannon diversity index (Shannon, 1948), which accounts for 
both the number and relative abundances of phylotypes in a 
community, was calculated with QIIME pipeline v1.4.0 
(Caporaso et al, 2010b) to quantitatively measure vaginal 
bacterial community diversity. Spearman's rank correlation 
coefficients were used to assess correlation between the 
number of sequences/vaginal pH and the Shannon indices 
across all samples of the two subjects. Spearman's rank 
correlation coefficients were calculated using GraphPad Prism 
5. Statistical significance was defined as P«0.05. 

Temporal dynamics bacterial 
communities 

The median Shannon diversity index and vaginal pH of the 
dynamic profile of the vaginal bacterial community of each 
macaque were calculated using GraphPad Prism 5. The profile 
of the vaginal bacterial community state type is defined as a 
sequence of vaginal bacterial CST assigned to each community 
in time series data. The proportion of time that each vaginal 
bacterial community state type was observed within the profile 
was calculated using GraphPad Prism 5. Bar plots of phyla and 
associated heatmaps of phylotypes were constructed for 
comparing the relative abundances of phyla and phylotypes 


analysis of vaginal 
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across samples at all time points from each macaque. 


Taylor’s power law analysis for assessing the stability of 
community diversity and species aggregation over time 
of vaginal bacterial communities 

The stability of community diversity over time was characterized 
with Taylor's power law as per Ma (2012). Taylor's power law 
has been extensively used to describe the spatial distribution 
patterns of many species (Taylor, 1961, 1984; Taylor & Taylor, 
1977), and can be expressed by: V-aM", where M and V are 
population mean (density or abundance) and variance, 
respectively. Parameter a is considered a sampling factor, and 
parameter b is an index of aggregation characteristic of the 
species. Parameter b>1 indicates aggregation, b=1 is indicative 
of randomness, and b«1 indicates regularity (Ma, 2012; Taylor, 
1961, 1984; Taylor & Taylor, 1977). Ma (2012) extended 
Taylor's power law for characterizing the microbial communities 
(Zhang et al, 2014) into a two-step process: the first step 
computes the pairs of mean and variance from the abundance 
data, and the second step fits the model. By regressing the 
natural logarithm of the variance on the natural logarithm of the 
mean, the resulting regression equation is as follows: 
In(V)=In(a)+bIn(M) (Ma, 2012). To examine the community 
diversity stability over time for a subject, M and V at each time 
point were computed by averaging the abundances of all 
species, and total n pairs of M and V per subject were 
computed for the n time point. To examine the species 
aggregation stability over time for a subject, M and V of each 
species were computed by averaging the abundances of all 
time points, and total S pairs of M and V per subject were 
computed for the S species. The above calculations and model 
fittings were performed using R package stats (R Development 
Core Team, 2012). 


Network analyses of correlation profiles of taxa with each 
other and with vaginal pH 

Subject-level network analysis, which finds connections among 
species and between species and vaginal pH in a time series of 
vaginal bacterial community samples within a subject (subject A 
or subject B), was performed by constructing a network in 
which nodes corresponded to a species or vaginal pH and 
edges corresponded to pairs of species and vaginal pH that 
were significantly correlated. Correlation was assessed by 
Spearman's rank correlation coefficients between the relative 
abundance of pairs of species whose mean relative 
abundances across all samples of each subject were above 
0.196 and/or vaginal pH within the subject across the time 
series of the vaginal bacterial community samples. Spearman's 
rank correlation coefficients were calculated using the rcorr 
function in the R package Hmisc (R Development Core 
Team, 2012). Custom Perl scripts were used for text 
manipulation of the resulting coefficients and associated P- 
values. The P-values on each edge were adjusted to FDR 
(false discovery rate) for multiple statistical testing when 
evaluating these correlations using the Benjamini-Hochberg 
method (Benjamini & Hochberg, 1995) and a significant q 
value was set to 0.05. Based on Spearman's rank 


correlation coefficients above 0.7 or below -0.7, a network of 
correlation profiles between species and vaginal pH was 
generated with Cytoscape v2.8.3 (Shannon et al, 2003; 
Smoot et al, 2011). Network statistics used to describe 
global and local network properties were calculated with a 
NetworkAnalyzer plug-in (Assenov et al, 2008) for 
Cytoscape. We treated edges as undirected when 
calculating network statistics, because an edge represents a 
mutual interaction. The global network properties calculated 
were the number of nodes and edges and centralization. 
The local network properties calculated were betweenness 
centrality and degree of node. We also performed network 
intersection between the correlation networks of subject A 
and subject B with NetworkAnalyzer (Assenov et al, 2008). 


RESULTS 


Samples and datasets 

A total of 27 NPTM vaginal samples were collected. The vaginal 
pH of the samples was measured. The composition and 
abundance of the sampled vaginal bacterial communities were 
determined by pyrosequencing the V1-V2 hypervariable regions 
of the 16S rRNA genes. The sequences dataset consisting of 
27 362 high-quality classifiable 16S rRNA gene reads was 
yielded from the 27 samples, with an average of 1 013x117 (SE) 
reads per sample. We identified 336 OTUs according to 9796 
sequence similarity at the species level. Singletons—a 
sequence that only occurred once in the 27 samples—were 
next removed, representing a total of 109 OTUs. A total of 
227 OTUs remained, with an average of 3943 (SE) OTUs 
per sample, representing 76 genera from 10 bacterial phyla. 
Six bacterial phyla (Fusobacteria, Actinobacteria, Firmicutes, 
Bacteroidetes, Proteobacteria, and Tenericutes) made up 
99.94% of sequences. All samples the in dataset had an 
average of Good's coverage (estimated percentage of the 
total species represented in a sampling site) of 
98.3%+0.16% (SE), indicating that the sequencing depth 
was sufficient for reliable analysis of these vaginal 
microbiota samples. 


Hierarchical clustering analysis of vaginal bacterial 
communities 

To characterize the composition and abundance of vaginal 
bacterial communities of NPTM using Ward linkage hierarchical 
clustering of the Bray-Curtis distances between communities, 
the vaginal bacterial communities were clustered into four 
groups based on the relative abundances of the 14 most 
abundant phylotypes (mean relative abundance of each 
phylotype across all samples of two subjects was above 1%) 
(Figure 1A,B,C,F). These were referred to as community state 
types (CSTs) according to the nomenclature established by 
Gajer et al (2012). The four CSTs, designated as CST A, CST S, 
CST L, and CST D, contained 12 (44.4496), 8 (29.6396), 2 
(7.4196), and 5 (18.5296) of the 27 samples, respectively. It is 
worth nothing that the communities of these CSTs, except for 
CST L, were from both subjects. 


CST A, CST S, and CST L were dominated by Atopobium, 
Sneathia, and Lactobacillus, respectively (Figure 1B), while 
communities clustered in CST D were not dominated by one 
phylotype. CST A had a modest median Shannon diversity 
index (2.33+0.74) and the second lowest median vaginal pH 
(5.5+0.37) (Figure 1D,E). CST S had the second highest 
median Shannon diversity index (2.73+0.25) but had the 
highest median vaginal pH (7.5x0.37). In contrast to CST A 
and CST S, CST L had the lowest median Shannon diversity 
index (2.1140.37) and the lowest median vaginal pH 
(5.25+0.37). CST D had modest proportions of 
Porphyromonas and Fusobacterium, along with low 
proportions of Mobiluncus, Prevotella, Bacteroides and 
some unclassified genera of the family Flavobacteriaceae. 
CST D had the highest median Shannon diversity index 
(3.64+0.55) and the second highest median vaginal pH 
(6.5+0.74) (Figure 1D,E). 

We assessed the association between the Shannon indices 
of vaginal bacterial communities and vaginal pH. No correlation 
was found between the number of bacterial sequences of the 
16S rRNA gene of each sample and the Shannon diversity 
indices of the vaginal bacterial communities (Spearman 
correlation coefficient=0.022, P=0.913>0.05), which confirmed 
that microbial diversity was not influenced by the number of 
sequences itself. Furthermore, the Shannon indices of vaginal 
bacterial communities were positively correlated with vaginal pH 
(Spearman correlation coefficient=0.503, P=0.007), indicating 
that vaginal pH may be a physiological factor influencing the 
vaginal bacterial community. 


Temporal dynamics of vaginal bacterial communities 

To characterize the temporal dynamics of the vaginal bacterial 
communities of the individual monkeys, our analyses were 
respectively conducted at the levels of alpha diversity, CST, 
genus, and phylum. We noticed remarkable inter- and intra- 
subject variations in the Shannon diversity index, vaginal pH, 
CST, and the relative abundances of abundant genera and 
phyla in subject A and subject B (Figure 2A,B,C,D). 

At the alpha diversity level (Figure 2A), both subject A and 
subject B had a Shannon diversity index<2.0 for at least one 
time-point tested and a Shannon diversity index>2.0 for the 
majority of the study. The median Shannon diversity index of 
the dynamic profile of the vaginal bacterial community of 
subject A (2.62+0.50) was lower than that of subject B (2.80 
0.60). Similarly, there was no consistent trend in vaginal pH 
changes between subject A and subject B (Figure 2A). Subject 
A had pH values«6.5 at most time-points tested (84.6296), while 
subject B had a more alkaline pH of 7.0 at half the time-points 
tested. The median vaginal pH of the dynamic profile of the 
vaginal bacterial community of subject A (6.0£0.74) was lower 
than that of subject B (6.5+1.48). 

At the CST level (Figure 2B), the distribution of CST in the 
dynamic profiles of the vaginal bacterial communities of subject 
A and subject B was different. Importantly, only CST A was 
overrepresented in the dynamic profiles of the vaginal bacterial 
communities of both subject A (46.15%) and subject B (42.86%). 
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Figure 1 Clustering analysis of vaginal bacterial communities 

A: Ward linkage hierarchical cluster dendrogram of the Bray-Curtis distances between bacterial communities in 27 samples from two northern pig-tailed macaques 
(Macaca leonina). B: Color bar indicating vaginal bacterial CST wherein each sample was assigned to one of four CSTs (CST A, CST S, CST L, and CST D). C: 
Lower colored blocks indicate the subject from which the sample was obtained. D: Shannon diversity indices calculated for the 27 samples (color key is indicated in 
the middle left side). E: Vaginal pH measurements for the 27 samples (color key is indicated in the middle left side). F: Heatmap of the relative abundances of the 
14 most abundant phylotypes (mean relative abundance of each phylotype across all samples of the two subjects was above 196). Column Z-score indicates 
differences between samples in terms of relative abundances of phylotypes associated with the samples. Individual cells are color-coded according to Z-scores to 
show the normalized abundance of a phylotype in one sample relative to the mean abundance across all phylotypes of the column. Relative intensity of the colors 
indicates how many standard deviations the observed phylotype abundance is above or below the mean. White color indicates relative abundance of phylotypes 
with column average. Blue color indicates relative abundances less than average abundance. Red color indicates relative abundance above column average. 
Phylotypes are listed in order of dominance, with the most dominant on the top. *represents unclassified genera of order/family. 
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Figure 2 Temporal dynamics of vaginal bacterial communities 
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A: Vaginal pH measurements and Shannon diversity indices calculated for each of the 13 samples of subject A and 14 samples of subject B (color key is indicated 
in the top right corner). B: Profiles of CST for the two northern pig-tailed macaques over time. Each cell represents one sample in the time series. The 
CSTs in the time series for each macaque are color-coded (lower colored blocks indicate CST wherein each sample was assigned to one of the four 
CSTs). C: For each macaque, a heatmap was constructed from the relative abundances of phylotypes that comprised at least 1% of the sequences found 
in that macaque (color key is indicated in the middle right side). Phylotypes are listed in order of dominance, with the most dominant on the bottom. 
*represents unclassified genera of order/family. D: For each macaque, the bar plot represents the relative abundances of phyla that comprised at least 
1% of the total sequences found in that macaque. Phyla that comprised less than 1% of the total sequences found in that macaque were grouped into the 


"Others" category. 


CST S was overrepresented in subject B (50%), but not in 
subject A (7.796), and CST L was not observed in subject B at 
all (Figure 2C). In contrast to CST S, CST D was 
overrepresented in subject A (30.77%), but not in that of subject 
B (7.14%). Interestingly, it is only transitions of vaginal bacterial 
communities from the CST A to CST A that was more observed 
than other kinds of transitions of vaginal bacterial communities 
in subject A and subject B. 

At the levels of genus and phylum (Figure 2C,D), we found 
that the composition and relative abundances of the vaginal 
bacterial communities across subjects and time points changed 
markedly over short and long periods. In subject A, the 
dominant phyla were Actinobacteria (38%), Firmicutes (22.26%), 
Bacteroidetes (20%), and Fusobacteria (19.5%). The dominant 
phyla of subject B were similar, but the relative abundances of 
shared dominant phyla were different. The dominant phyla of 


subject B were Fusobacteria (34.23%), Actinobacteria (28.21%), 
Firmicutes (18.68%), and Bacteroidetes (17.15%). It is worth 
noting that Atopobium (genus of Actinobacteria) and Sneathia 
(genus of Fusobacteria) were the dominant genera in subject A 
(36.44% and 11.14%, respectively) and subject B (26.31% and 
28.76%, respectively). 

Together, these results indicate that the temporal changes in 
composition of the vaginal bacterial community of the individual 
monkeys were highly individualized. 


Taylor’s power law analysis of temporal variability of 
vaginal bacterial communities 

The Shannon diversity index is a quantitative measure of 
species diversity, though it can only measure static diversity at 
a specific time point. Thus, it is difficult to study temporal 
changes in community diversity. To gain a clearer picture of the 
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Figure3 Integration of vaginal pH with microbial co-occurrence networks using time-series data of each northern pig-tailed macaque 
Note, the nodes in the correlation network correspond to OTUs (ellipse nodes) and vaginal pH (round rectangle nodes), whereas the edges represent strong and 
significant evidence for correlation between nodes. Size of the nodes indicates relative abundances of OTUs (mean relative abundance of each OTU across all 


samples of each subject was above 0.196) observed within a subject over time. 


temporal variability in the vaginal bacterial communities, we 
examined the degree of stability of community diversity over 
time and stability of species aggregation over time (Ma, 2012). 
Power law parameter b is a measure of instability: the larger the 
b-value, the higher the instability of community diversity or 
instability of species aggregation over time of a subject. 
Differences in the stability of community diversity and species 
aggregation over time between subject A and subject B were 
observed. As seen in Table 1, the stability of community 


diversity over time in subject A was higher than that in subject B. 


Similarly, the stability of species aggregation over time in 
subject A was also higher than that in subject B (Table 2). 
Notably, the degree of variability in stability of species 
aggregation over time between subject A and subject B was 
considerably smaller than that of stability of community diversity 
over time. 

Together, these results suggest that the temporal variability in 
the vaginal bacterial community of the individual monkeys was 
considerably individualized. 


Network analysis of temporal variability of vaginal 


bacterial communities 
To ascertain the effect of vaginal pH on the temporal variability 
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of vaginal bacterial communities and disentangle correlation 
profiles of species with each other and with vaginal pH over 
time for each subject, network analysis was conducted as per 
Duran-Pinedo et al (2011). 

Firstly, by comparing the relative abundances of OTUs 
across all samples of the two subjects, we assessed inter- 
subject variation at the species level. We found that 123 OTUs 
were shared between subject A and subject B. Subject A and 
subject B had 37 and 67 unique OTUs, respectively. The 
summed relative abundances of unique OTUs across all 
samples of subject A (1.9596) were lower than that of subject B 
(8.49%). Thus, total abundance of shared OTUs accounted for 
the majority of total abundance of all OTUs in subject A and 
subject B. To reduce the complexity of the network and avoid 
the potential impact of inter-subject variation on network 
analysis, only OTUs with mean relative abundances above 
0.196 across all samples of each subject were considered for 
network analysis. The resulting correlation network (species 
and vaginal pH) of subject A consisted of 27 nodes and 50 
edges, including 44 positive correlations and 6 negative 
correlations. For subject B, the resulting correlation network 
(species and vaginal pH) consisted of 25 nodes and 63 edges, 
including 44 positive correlations and 6 negative correlations. 


Table 1 


Community diversity stability over time for each northern pig-tailed macaque (Macaca leonina) 





Subject b SE (b) In (a) SE In (a) R? P n 
1.5753 0.3243 4.5357 0.5186 0.6531 0.0005049 13 
B 2.0384 0.1975 3.7854 0.3472 0.8904 2.537e-07 14 


Table2 Species aggregation stability over time for each northern pig-tailed macaque (Macaca leonina) 





Subject b SE (b) Ln (a) SE In (a) R? P Species 
1.74695 0.02313 1.80973 0.04177 0.9729 < 2.2e-16 160 
B 1.76344 0.02455 1.87320 0.04399 0.9647 < 2.2e-16 190 
Next, we compared the differences in centralization between Table 3. Betweenness centrality and degree of hub species in 


the correlation networks of subject A and subject B. Network 
centralization, as an important parameter of the global 
properties of network, is used for describing whether the 
network is dominated by several hub nodes or not: the lower 
the centralization, the higher the resilience of a network to 
environmental change. We found that the correlation network of 
subject A (0.178) had lower centralization compared with the 
correlation network of subject B (0.270), indicating that the 
network of subject A was more resilient than subject B to 
changes in relative abundances of taxa or vaginal pH over time. 

In order to quantify the importance of a node, such as vaginal 
pH or species, the degree (number of connections a node has 
to other nodes in the network) and betweenness centrality 
(amount of control a node exerts over the interactions of other 
nodes in the network) of a given node were calculated. Both 
degree and betweenness centrality are two measures of the 
importance of a node: the larger the values of degree and 
betweenness centrality, the higher the importance of the node. 
The betweenness centrality of vaginal pH in the correlation 
network of subject A (0.007) was lower than that of subject B 
(0.032), while the degree of vaginal pH in the correlation 
network of each subject was equal to 3. These results indicate 
that the influence of vaginal pH on the correlation network of 
subject A was weaker than that on the correlation network of 
subject B. 

Four species, including (OTU 345) Bacteroides sp, (OTU 346) 
Fusobacterium sp, (OTU 2964) Bacteroides sp, and (OTU 24) 
Clostridiales sp in the correlation network of subject A (Table 3) 
and six species, including (OTU 634) Sneathia sp, (OTU 606) 
Fusobacterium sp, (OTU 241) Prevotella sp, (OTU 346) 
Fusobacterium sp, (OTU 463) Atopobium vaginae, and (OTU 
4788) Sneathia sp in the correlation network of subject B (Table 
4) were defined as hub species whose degree and 
betweenness centrality were both higher than the mean degree 
and mean betweenness centrality of all nodes in the correlation 
network of each subject. Interestingly, there were no consistent 
connections between vaginal pH and hub species between 
subject A and subject B. In the correlation network of subject A, 
vaginal pH was positively correlated with (OTU 2964) 
Bacteroides sp, while vaginal pH was positively correlated with 
(OTU 606) Fusobacterium sp and (OTU 4788) Sneathia sp and 
negatively with (OTU 241) Prevotella sp in the correlation 
network of subject B. 

We found that the intersection connections between the 


correlation network of subject A 


OTUs Betweenness centrality Degree 





OTU 345) Bacteroides sp 0.36373 
OTU 346) Fusobacterium sp 0.34571 
OTU 2964) Bacteroides sp 0.26201 
OTU 24) Clostridiales sp 0.57143 
0.1036+0.03413 (SE) 


( 
( 
( 
( 
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Mean of network .704+0.3767 (SE) 


Table 4 Betweenness centrality and degree of hub species in 
correlation network of subject B 





OTUs Betweenness centrality Degree 
(OTU 634) Sneathia sp 0.220773 12 
(OTU 606) Fusobacterium so 0.2565217 9 
(OTU 241) Prevotella so |. 0.1682367 9 
(OTU 346) Fusobacterium sp 0.1881642 8 
(OTU 463) Atopobium 0.09275362 9 
vaginae 
(OTU 4788) Sneathia sp 0.08828502 9 
Mean of network 0.07116+0.01828 (SE) 5.280+0.6417 (SE) 


correlation networks of subject A and subject B were comprised 
of 16 nodes and 15 edges. Interestingly, all edges, except the 
negative correlations between (OTU 346) Fusobacterium sp 
and (OTU 463) Atopobium vaginate, were positively correlated. 
In the correlation network of both subjects, (OTU 346) 
Fusobacterium sp was a hub species and (OTU 463) 
Atopobium vaginae was the most abundant species. 

Overall, these data suggest that inter-subject variability in 
vaginal bacterial communities over time could be mirrored in 
inter-subject variation in correlation profiles of species with each 
other and with vaginal pH over time. These results may be 
associated with the influence of vaginal pH and hub species on 
the correlation network of each subject. 


DISCUSSION 
To the best of our knowledge, this is the first longitudinal study 


on the vaginal microbiota in normal NPTM where samples have 
been collected over 19 weeks and the composition and 
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temporal variability of vaginal microbiota have been 
characterized using a combination of 454 pyrosequencing of 
the 16S rRNA genes and well-established methods of ecology 
and network analysis. The major findings of this study were: (1) 
vaginal microbiota in NPTM had high proportions of a diverse 
array of anaerobic bacteria associated with BV, decreased 
proportions of Lactobacillus, but higher microbial diversity, and 
Atopobium and Sneathia were the dominant genera; (2) 
temporal dynamics of the NPTM vaginal microbiota were 
considerably individualized; and (3) vaginal pH may influence 
the temporal dynamics of the vaginal microbiota. This work 
emphasizes the importance of prospective investigation in 
capturing temporal dynamics of vaginal microbiota in its full 
complexity and ascertaining the influencing factors. 

Efforts to reveal the mechanisms by which vaginal microbiota 
impacts resistance to and risk of HIV infection are hampered by 
the dynamic shifts in vaginal microbiota over time, and the 
factors that influence this are poorly understood (Brotman, 2011; 
Nardis et al, 2013; Petrova et al, 2013; Saxena et al, 2012; 
Schellenberg & Plummer, 2012). To date, comprehensive 
understanding of the dynamic landscape of vaginal microbiota 
remains poorly elucidated due to the inherent limitations of 
culture-dependent methods (Farage et al, 2010), low-resolution 
molecular techniques (Farage et al, 2010), and cross-sectional 
analyses (Ravel et al, 2011). While most attention has focused 
on cross-sectional profiles of vaginal microbiota, there is a 
distinct lack of information regarding the dynamic landscape of 
vaginal microbiota (Hickey et al, 2012; Ma et al, 2012). As high- 
throughput sequencing-based techniques for microbiota 
analysis have been developed and used, vaginal microbiota 
has been revealed as considerably more complex and dynamic 
(Witkin & Ledger, 2012). 

Recently, the vaginal microbiota of healthy, asymptomatic, 
non-pregnant women of reproductive age has been examined 
in cross-sectional and longitudinal cohorts using cultivation- 
independent methods based on 454 pyrosequencing of 16S 
rRNA genes (Gajer et al, 2012; Ravel et al, 2011). These 
studies demonstrated that vaginal microbiota could be clustered 
into six community state types (CSTs), four of which were 
dominated by one of four Lactobacillus spp., including L. 
crispatus (CST I), L. gasseri (CST Il), L. iners (CST III) and L. 
jensenii (CST V), with the remaining two (CST IV-A and IV-B) 
characterized by a diverse array of anaerobic bacteria 
associated with BV (Gajer et al, 2012; Ma et al, 2012; Ravel et 
al, 2011). CST IV-A and IV-B differed in both composition and 
relative abundance of phylotypes (Gajer et al, 2012). For 
example, CST IV-A had modest proportions of Lactobacillus 
spp. and low proportions of  Prevotella, Peptoniphilus, 
Anaerococcus, Corynebacterium, Streptococcus, or Finegoldia, 
whereas CST IV-B was characterized by high proportions of 
Atopobium and the presence of Sneathia, Prevotella, 
Parvimonas, Gardnerella, Mobiluncus or Peptoniphilus (Gajer 
et al, 2012). 

Importantly, we found that Atopobium and Sneathia were 
dominant genera in NPTM, and CST A and CST IV-B were very 
similar in composition and relative abundance of phylotypes. 
Moreover, in our study, OTU 463 (97% similarity to Atopobium 
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vaginae) was the dominant Atopobium species. Atopobium 
vaginae is a gram-positive facultative anaerobic bacterial 
species and has been highly predictive of both asymptomatic 
BV (healthy asymptomatic women) and symptomatic BV 
(women with BV) (Menard et al, 2008; Rodriguez Jovita et al, 
1999; Shipitsyna et al, 2013). Several identified bacteria in our 
study, including Sneathia, Prevotella, and Mobiluncus, have 
also been reported to be highly predictive for BV (Fettweis et al, 
2014; Fredricks et al, 2005). Thus, with respect to specific 
composition at the genus level, the vaginal microbiota of NPTM 
contained many bacteria associated with BV in women. It is 
important to note that the vaginal microbiota of NPTM had 
lower proportions of Lactobacillus but higher microbial diversity 
in comparison with that of the majority of women, which is most 
commonly dominated by Lactobacillus spp and has low 
microbial diversity (Ravel et al, 2011). These findings are in 
agreement with a few exploratory studies that have described 
differences between human and NHP species (Spear et al, 
2010, 2012; Yildirim et al, 2014). Although these studies have 
found trends toward decreased proportions of Lactobacillus 
and increased microbial diversity, we are the first to 
demonstrate the presence of Lactobacillus-dominated vaginal 
microbiota in NHP species. Taken together, the vaginal 
microbiota of NPTM can closely resemble asymptomatic and 
symptomatic BV, characterized by the decrease in proportions 
of Lactobacillus and increase in microbial diversity, 
suggesting that NPTM could be an optimal animal model for 
prospective investigations on the mechanisms by which 
vaginal microbiota influence susceptibility and resistance to 
HIV-1 infection in the context of highly polymicrobial and 
Lactobacillus-dominated states. 

To date, the vaginal microbiota of ten NHP species has been 
characterized using cultivation-independent methods based on 
454 pyrosequencing of the 16S rRNA genes (Spear et al, 2010, 
2012; Yildirim et al, 2014). Of high relevance to our study are 
the findings observed in Sunda pig-tailed macaques (Macaca 
nemestrina) (Spear et al, 2012). We observed that these two 
host species were similar in composition of most of the 
abundant genera and phyla, but differed in the relative 
abundances of those genera and phyla, suggesting differences 
in host species analyzed. For example, with respect to 
dominant genera, the major difference between the two species 
was that NPTM had high proportions of Atopobium (31.19%) 
within the phylum Actinobacteria and modest proportions of 
Fusobacterium (6.8596) within the phylum Fusobacteria, while 
Sunda  pig-talled macaques had high proportions of 
Fusobacterium (13.3%) and modest proportions of Atopobium 
(3.6%). This may be explained by the negative correlation 
between the dominant (OTU 346) Fusobacterium sp and the 
dominant Atopobium species, (OTU 463) Atopobium vaginae, 
in our study. In addition, Sneathia within the phylum 
Fusobacteria was the dominant genus in both NPTM (20.28%) 
and Sunda pig-tailed macaques (18.9%). Interestingly, Sneathia 
has been consistently found to be the abundant genus in ten 
nonhuman primate species, in healthy, asymptomatic women, 
and in women with BV (Fettweis et al, 2014; Yildirim et al, 2014). 
The presence of non-Lactobacillus-dominant CST in healthy, 


asymptomatic, non-pregnant women of reproductive age and in 
nonhuman primates has challenged the notion that healthy 
vaginal microbiota is necessarily associated with vaginal 
microbiota characterized by Lactobacillus-dominance (Gajer et 
al, 2012; Hickey et al, 2012; Ma et al, 2012; Ravel et al, 2011; 
Spear et al, 2010, 2012; Yildirim et al, 2014). Given that 
humans are different from NHP species in terms of vaginal 
microbial diversity, comparative analysis of composition and 
dynamics of vaginal microbiota may provide a better 
understanding of how microbial community formation and 
function are conserved across human and NHP species and 
how high diversity vaginal microbiota promotes host health, 
which will have important implications for host health and for 
selecting NHP species models with similar vaginal microbial 
community structure to humans for HIV-1 vaginal 
transmission. 

Although many cross-sectional studies have captured static 
snapshots of vaginal microbiota, what is considered 
representative at any given time remains unclear. Thus, cross- 
sectional studies may be insufficient to capture the dynamic 
shifts in vaginal microbiota over time. To our knowledge, only 
four prior longitudinal studies have revealed temporal dynamics 
of vaginal microbiota in humans (Gajer et al, 2012; Ravel et al, 
2013; Chaban et al, 2014) and PTM (Spear et al, 2012) using 
cultivation-independent methods based on 454 pyrosequencing 
of 16S rRNA genes and cpn60 genes. Generally, however, 
temporal dynamics of vaginal microbiota in primates remain 
poorly understood. In this work, we found that, at the level of 
CST, alpha diversity, genus, phylum, and species, both 
temporal changes in composition and temporal variability in the 
vaginal microbiota of each monkey were considerably 
personalized. Our results corroborated earlier findings that the 
temporal dynamics of vaginal microbiota in women with 
asymptomatic and symptomatic BV and PTM are highly 
personalized (Gajer et al, 2012; Ravel et al, 2013; Spear et al, 
2012) Although these studies found trends toward 
personalized temporal dynamics in the vaginal microbiota at the 
levels of CST, alpha diversity, genus, and phylum, we are the 
first to apply theories of macro-ecology and networks to 
interpret the differences in personalized temporal dynamics of 
vaginal microbiota at the species level. Clearly, further 
longitudinal investigations into comparisons of personalized 
temporal dynamics of vaginal microbiota measured before and 
after vaginal HIV-1 infection, coupled with metadata and the 
adoption of ecological perspectives, will be critical for 
understanding the temporal relationship between vaginal 
microbiota and susceptibility to virus infection, and will 
contribute to the development of more personalized medicine 
(Ma, 2012; Ravel et al, 2013). 

How the normal variability in microbiota through time may 
arise in response to dynamic changes in physiological factors is 
a central question in understanding crosstalk between vaginal 
microbiota and physiological factors. Vaginal pH is determined 
by the interplay between host and vaginal microbiota (Witkin & 
Ledger, 2012). Importantly, we found inter-subject variation in 
correlation profiles of species with each other and with vaginal 
pH over time. These results suggest that the biologically 


plausible mechanisms by which vaginal pH could influence 
normal variability in vaginal microbiota through time affected the 
specific species colonizing the vagina, which in turn affected the 
species that had close relationships with them. Furthermore, 
consistent with previous studies (Spear et al, 2010), the vaginal 
pH in 92.696 of the longitudinally collected samples from the 
present study (pH25.5) was higher than that of reproductive- 
age women (Ravel et al, 2011). Interestingly, vaginal pH was 
found to differ among reproductive-age women with different 
ethnicities (Ravel et al, 2011). It is believed that estrogen, 
glycogen, and Lactobacillus are the driving forces for 
interspecies differences in vaginal pH (Farage et al, 2010; 
Mirmonsef et al, 2012), but other host factors such as sex 
hormones or breeding and ovulatory seasonality may play an 
important role in affecting this variation (Campbell et al, 2007; 
Gajer et al, 2012). 

Despite the limited sample size, we provided a 
comprehensive catalog of composition and baseline 
characterization of the normal temporal variability in vaginal 
microbiota in NPTM. Further studies are required to replicate 
these results in larger studies. Ultimately, despite the significant 
advances in the past few years, future progress in studies on 
vaginal microbiota is expected in many directions (Ma et al, 
2012; Macklaim et al, 2012), ranging from data collection of 
vaginal microbiota to insights into how host genetics influence 
composition and temporal patterns of vaginal microbiota 
dynamics, as well as functions of vaginal CST. Further 
functional studies to explore the impact of composition and 
temporal dynamics of vaginal microbiota on maladies such as 
HIV-1/AIDS (Petrova et al, 2013; Saxena et al, 2012) and 
sexually transmitted diseases (Brotman, 2011; Nardis et al, 
2013) could foster therapies aimed at manipulating the 
vaginal microbiota of the host to help form efficient first lines 
of defense against pathogens and regulate the vaginal 
mucosal immune system to prevent infection-related morbidity 
in women. 


ACKNOWLEDGMENTS 


We thank Yu-Qi HE, Xiao-Lu LI, and Zhao-Li DING (Kunming Biological 
Diversity Regional Center of Large Apparatus and Equipment, Chinese 
Academy of Sciences) for sequencing support; Hong DUAN and Yi 
SUN (First People's Hospital of Yunnan Province) for support with 
measuring levels of serum sex hormones; and Gui LI (Experimental 
Animal Core Facility, Kunming Institute of Zoology, Chinese Academy 
of Sciences) for sample collection support. We are indebted to our 
colleagues: Zheng-Xi DAI, Jian-Bao HAN, Rong-Hua LUO, Ping-Xian 
XU, and Liu-Meng YANG for all their help. We also thank Dr. Christine 
WATTS for assistance with editing the manuscript. 


REFERENCES 


Agy MB, Frumkin LR, Corey L, Coombs RW, Wolinsky SM, Koehler J, 
Morton WR, Katze MG. 1992. Infection of Macaca nemestrina by human 
immunodeficiency virus type-1. Science, 257(5066): 103-106. 


Assenov Y, Ramírez F, Schelhorn SE, Lengauer T, Albrecht M. 2008. 
Computing topological parameters of biological networks. Bioinformatics, 


Zoological Research 36(5): 285-298, 2015 295 


24(2): 282-284. 
Atashili J, Poole C, Ndumbe PM, Adimora AA, Smith JS. 2008. Bacterial 


vaginosis and HIV acquisition: a meta-analysis of published studies. A/DS, 
22(12): 1493-1501. 


Baroncelli S, Negri DRM, Michelini Z, Cara A. 2008. Macaca mulatta, 
fascicularis and nemestrina in AIDS vaccine development. Expert Review 
of Vaccines, 7(9): 1419-1434. 


Benjamini Y, Hochberg Y. 1995. Controlling the false discovery rate: a 
practical and powerful approach to multiple testing. Journal of the Royal 
Statistical Society: Series B (Statistical Methodology), 57(1): 289-300. 


Bosch ML, Schmidt A, Chen J, Florey MJ, Agy M, Morton WR. 2000. 
Enhanced replication of HIV-1 in vivo in pigtailed macaques (Macaca 
nemestrina). Journal of Medical Primatology, 29(3-4): 107-113. 


Brotman RM. 2011. Vaginal microbiome and sexually transmitted infections: 
an epidemiologic perspective. The Journal of Clinical Investigation, 121(12): 
4610-4617. 


Brotman RM, Ghanem KG, Klebanoff MA, Taha TE, Scharfstein DO, 
Zenilman JM. 2008. The effect of vaginal douching cessation on bacterial 
vaginosis: a pilot study. American Journal of Obstetrics and Gynecology, 
198(6): 628.e1-628.e7. 


Brotman RM, He X, Gajer P, Fadrosh D, Sharma E, Mongodin EF, Ravel J, 
Glover ED, Rath JM. 2014. Association between cigarette smoking and the 
vaginal microbiota: a pilot study. BMC Infectious Diseases, 14: 471. 


Campbell CJ, Fuentes A, Mackinnon KC, Panger M, Bearder SK. 2007. 
Primates in Perspective. New York: Oxford University Press. 


Caporaso JG, Bittinger K, Bushman FD, Desantis TZ, Andersen GL, Knight 
R. 2010a. PyNAST: a flexible tool for aligning sequences to a template 
alignment. Bioinformatics, 26(2): 266-267. 


Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, 
Costello EK, Fierer N, Pena AG, Goodrich JK, Gordon JI, Huttley GA, 
Kelley ST, Knights D, Koenig JE, Ley RE, Lozupone CA, Mcdonald D, 
Muegge BD, Pirrung M, Reeder J, Sevinsky JR, Turnbaugh PJ, Walters WA, 
Widmann J, Yatsunenko T, Zaneveld J, Knight R. 2010b. QIIME allows 
analysis of high-throughput community sequencing data. Nature Methods, 
7(5): 335-336. 

Chaban B, Links MG, Jayaprakash TP, Wagner EC, Bourque DK, Lohn Z, 
Albert AY, Van Schalkwyk J, Reid G, Hemmingsen SM, Hill JE, Money DM. 
2014. Characterization of the vaginal microbiota of healthy Canadian 
women through the menstrual cycle. Microbiome, 2: 23. 

Cohen CR, Lingappa JR, Baeten JM, Ngayo MO, Spiegel CA, Hong T, 
Donnell D, Celum C, Kapiga S, Delany S, Bukusi EA. 2012. Bacterial 
vaginosis associated with increased risk of female-to-male HIV-1 
transmission: a prospective cohort analysis among African couples. PLoS 
Medicine, 9(6): 1001251. 

Cruciani F, Brigidi P, Calanni F, Lauro V, Tacchi R, Donders G, Peters K, 
Guaschino S, Vitali B. 2012. Efficacy of rifaximin vaginal tablets in 
treatment of bacterial vaginosis: a molecular characterization of the vaginal 
microbiota. Antimicrobial Agents and Chemotherapy, 56(8): 4062-4070. 
Desantis TZ, Hugenholtz P, Larsen N, Rojas M, Brodie EL, Keller K, Huber 
T, Dalevi D, Hu P, Andersen GL. 2006. Greengenes, a chimera-checked 
16S rRNA gene database and workbench compatible with ARB. Applied 
and Environmental Microbiology, 72(7): 5069-5072. 

Dixon P. 2003. VEGAN, a package of R functions for community ecology. 
Journal of Vegetation Science, 14(6): 927-930. 


Duran-Pinedo AE, Paster B, Teles R, Frias-Lopez J. 2011. Correlation 


296  www.zoores.ac.cn 


network analysis applied to complex biofilm communities. PLoS One, 6(12): 
628438. 

Farage MA, Miller KW, Sobel JD. 2010. Dynamics of the Vaginal 
Ecosystem-Hormonal Influences. /nfectious Diseases: Research and 
Treatment, 3: 1-15. 

Fettweis JM, Brooks JP, Serrano MG, Sheth NU, Girerd PH, Edwards DJ, 
Strauss JF, Ill, Jefferson KK, Buck GA. 2014. Differences in vaginal 
microbiome in African American women versus women of European 
ancestry. Microbiology, 160(Pt 10): 2272-2282. 

Fredricks DN, Fiedler TL, Marrazzo JM. 2005. Molecular identification of 
bacteria associated with bacterial vaginosis. The New England Journal of 
Medicine, 353(18): 1899-1911. 

Gajer P, Brotman RM, Bai G, Sakamoto J, Schutte UM, Zhong X, Koenig 
SS, Fu L, Ma ZS, Zhou X, Abdo Z, Forney LJ, Ravel J. 2012. Temporal 
dynamics of the human vaginal microbiota. Science Translational Medicine, 
4(132): 132ra52. 

Gippoliti S. 2001. Notes on the taxonomy of Macaca nemestrina leonina 
Blyth, 1863 (Primates: Cercopithecidae). Hystrix-ltalian Journal of 
Mammalogy, 12(1): 51-54. 

Good IJ. 1953. The population frequencies of species and the estimation of 
population parameters. Biometrika, 40(3-4): 237-264. 

Groves CP. 2001. Primate Taxonomy. Washington, DC: Smithsonian 
Institution Press. 

Haas BJ, Gevers D, Earl AM, Feldgarden M, Ward DV, Giannoukos G, 
Ciulla D, Tabbaa D, Highlander SK, Sodergren E, Methe B, Desantis TZ, 
Petrosino JF, Knight R, Birren BW. 2011. Chimeric 16S rRNA sequence 
formation and detection in Sanger and 454-pyrosequenced PCR amplicons. 
Genome Research, 21(3): 494-504. 

Hatziioannou T, Evans DT. 2012. Animal models for HIV/AIDS research. 
Nature Reviews Microbiology, 10(12): 852-867. 

Hickey RJ, Abdo Z, Zhou X, Nemeth K, Hansmann M, Osborn TW, Ill, 
Wang F, Forney LJ. 2013. Effects of tampons and menses on the 
composition and diversity of vaginal microbial communities over time. 
BJOG: An International Journal of Obstetrics & Gynaecology, 120(6): 695- 
706. 

Hickey RJ, Zhou X, Pierson JD, Ravel J, Forney LJ. 2012. Understanding 
vaginal  microbiome complexity from an ecological perspective. 
Translational Research, 160(4): 267-282. 

Hu SL. 2005. Non-human primate models for AIDS vaccine research. 
Current Drug Target-Infectious Disorders, 5(2): 193-201. 

Huang B, Fettweis JM, Brooks JP, Jefferson KK, Buck GA. 2014. The 
changing landscape of the vaginal microbiome. Clinics in Laboratory 
Medicine, 34(4): 747-761. 

Kent SJ, Corey L, Agy MB, Morton WR, Mcelrath MJ, Greenberg PD. 1995. 
Cytotoxic and proliferative T cell responses in HIV-1-infected Macaca 
nemestrina. The Journal of Clinical Investigation, 95(1): 248-256. 

Kuang YQ, Tang X, Liu FL, Jiang XL, Zhang YP, Gao G, Zheng YT. 2009. 
Genotyping of TRIM5 locus in northern pig-tailed macaques (Macaca 
leonina), a primate species susceptible to Human Immunodeficiency Virus 
type 1 infection. Retrovirology, 6: 58. 

Lei AH, Zhang GH, Tian RR, Zhu JW, Zheng HY, Pang W, Zheng YT. 2014. 
Replication potentials of HIV-1/HSIV in PBMCs from northern pig-tailed 
macaque (Macaca leonina). Zoological Research, 35(3): 186-195. 


Li WZ, Godzik A. 2006. Cd-hit: a fast program for clustering and comparing 


large sets of protein or nucleotide sequences. Bioinformatics, 22(13): 1658- 
1659. 


Ma B, Forney LJ, Ravel J. 2012. Vaginal microbiome: rethinking health and 
disease. Annual Review of Microbiology, 66: 371-389. 


Ma ZS. 2012. A note on extending taylor's power law for characterizing 
human microbial communities: inspiration from comparative studies on the 
distribution patterns of insects and galaxies, and as a case study for 
medical ecology. ArXiv e-prints. http: //adsabs.harvard.edu/abs/2012 
arXiv1205.3504M. 

Macklaim JM, Cohen CR, Donders G, Gloor GB, Hill JE, Parham GP, Ravel 
J, Spear G, Van De Wijgert J, Reid G. 2012. Exploring a road map to 
counter misconceptions about the cervicovaginal microbiome and disease. 
Reproductive Sciences, 19(11): 1154-1162. 

Malaivijitnond S, Arsaithamkul V, Tanaka H, Pomchote P, Jaroenporn S, 
Suryobroto B, Hamada Y. 2012. Boundary zone between northern and 
southern pig-tailed macaques and their morphological differences. Primates, 
53(4): 377-389. 

McDonald D, Price MN, Goodrich J, Nawrocki EP, DeSantis TZ, Probst A, 
Andersen GL, Knight R, Hugenholtz P. 2012. An improved Greengenes 
taxonomy with explicit ranks for ecological and evolutionary analyses of 
bacteria and archaea. The ISME Journal, 6(3): 610-618. 

Menard JP, Fenollar F, Henry M, Bretelle F, Raoult D. 2008. Molecular 
quantification of Gardnerella vaginalis and Atopobium vaginae loads to 
predict bacterial vaginosis. Clinical Infectious Diseases, 47(1): 33-43. 
Mirmonsef P, Gilbert D, Veazey RS, Wang J, Kendrick SR, Spear GT. 2012. 
A comparison of lower genital tract glycogen and lactic acid levels in 
women and macaques: implications for HIV and SIV susceptibility. AIDS 
Research and Human Retroviruses, 28(1): 76-81. 

Myer L, Denny L, Telerant R, Souza M, Wright TC, Jr., Kuhn L. 2005. 
Bacterial vaginosis and susceptibility to HIV infection in South African 
women: a nested case-control study. The Journal of Infectious Diseases, 
192(8): 1372-1380. 

Nardis C, Mosca L, Mastromarino P. 2013. Vaginal microbiota and viral 
sexually transmitted diseases. Annali di Igiene: Medicina Preventiva e di 
Comunità, 25(5): 443-456. 

Petrova MI, Van Den Broek M, Balzarini J, Vanderleyden J, Lebeer S. 2013. 
Vaginal microbiota and its role in HIV transmission and infection. FEMS 
Microbiology Reviews, 37(5): 762-792. 

Ravel J, Brotman RM, Gajer P, Ma B, Nandy M, Fadrosh DW, Sakamoto J, 
Koenig SS, Fu L, Zhou X, Hickey RJ, Schwebke JR, Forney LJ. 2013. Daily 
temporal dynamics of vaginal microbiota before, during and after episodes 
of bacterial vaginosis. Microbiome, 1(1): 29. 

Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SS, Mcculle SL, 
Karlebach S, Gorle R, Russell J, Tacket CO, Brotman RM, Davis CC, Ault K, 
Peralta L, Forney LJ. 2011. Vaginal microbiome of reproductive-age women. 
Proceedings of the National Academy of Sciences of the United States of 
America, 108(Suppl 1): 4680-4687. 

Ravel J, Gajer P, Fu L, Mauck CK, Koenig SS, Sakamoto J, Motsinger-Reif 
AA, Doncel GF, Zeichner SL. 2012. Twice-daily application of HIV 
microbicides alter the vaginal microbiota. mBio, 3(6): pii: €00370-12. 
Reeder J, Knight R. 2010. Rapidly denoising pyrosequencing amplicon 
reads by exploiting rank-abundance distributions. Nature Methods, 7(9): 
668-669. 


Reid G. 2014. Modulating the vaginal microbiome: the need for a bridge 


between science and practice. Seminars in Reproductive Medicine, 32(1): 
28-34. 

Rodriguez Jovita M, Collins MD, Sjoden B, Falsen E. 1999. 
Characterization of a novel Atopobium isolate from the human vagina: 
description of Atopobium vaginae sp. nov. International Journal of 
Systematic Bacteriology, 49(Pt 4): 1573-1576. 

Rosenblum LL, Supriatna J, Melnick DJ. 1997. Phylogeographic analysis of 
pigtail macaque populations (Macaca  nemestrina) inferred from 
mitochondrial DNA. American Journal of Physical Anthropology, 104(1): 35- 
45. 

R Development Core Team. 2012. R: A Language and Environment for 
Statistical Computing. R Foundation for Statistical Computing, Vienna, 
Austria. 

Saxena D, Li YH, Yang LY, Pei ZH, Poles M, Abrams WR, Malamud D. 
2012. Human microbiome and HIV/AIDS. Current HIV/AIDS Reports, 9(1): 
44-51. 

Schellenberg JJ, Plummer FA. 2012. The Microbiological Context of HIV 
Resistance: Vaginal Microbiota and Mucosal Inflammation at the Viral Point 
of Entry. International Journal of Inflammation, 2012: Article ID 131243. 
Schwebke JR, Richey CM, Weiss HL. 1999. Correlation of behaviors with 
microbiological changes in vaginal flora. The Journal of Infectious Diseases, 
180(5): 1632-1636. 

Shannon CE. 1948. A mathematical theory of communication. Bell System 
Technical Journal, 27(3): 379-423. 

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N, 
Schwikowski B, Ideker T. 2003. Cytoscape: a software environment for 
integrated models of biomolecular interaction networks. Genome Research, 
13(11): 2498-2504. 

Shipitsyna E, Roos A, Datcu R, Hallén A, Fredlund H, Jensen JS, 
Engstrand L, Unemo M. 2013. Composition of the vaginal microbiota in 
women of reproductive age--sensitive and specific molecular diagnosis of 
bacterial vaginosis is possible?. PLoS One, 8(4): e60670. 

Smoot ME, Ono K, Ruscheinski J, Wang PL, Ideker T. 2011. Cytoscape 2.8: 
new features for data integration and network visualization. Bioinformatics, 
27(3): 431-432. 

Spear GT, Gilbert D, Sikaroodi M, Doyle L, Green L, Gillevet PM, Landay 
AL, Veazey RS. 2010. Identification of rhesus macaque genital microbiota 
by 16S pyrosequencing shows similarities to human bacterial vaginosis: 
implications for use as an animal model for HIV vaginal infection. A/DS 
Research and Human Retroviruses, 26(2): 193-200. 

Spear GT, Kersh E, Guenthner P, Vishwanathan SA, Gilbert D, Zariffard MR, 
Mirmonsef P, Landay A, Zheng L, Gillevet P. 2012. Longitudinal 
assessment of pigtailed macaque lower genital tract microbiota by 
pyrosequencing reveals dissimilarity to the genital microbiota of healthy 
humans. AIDS Research and Human Retroviruses, 28(10): 1244-1249. 
Taylor LR. 1961. Aggregation, variance and the mean. Nature, 189(4766): 
732-735. 

Taylor LR. 1984. Assessing and interpreting the spatial distributions of 
insect populations. Annual Review of Entomology, 29(1): 321-357. 

Taylor LR, Taylor RAJ. 1977. Aggregation, migration and population 
mechanics. Nature, 265(5593): 415-421. 

Van De Wijgert JH, Verwijs MC, Turner AN, Morrison CS. 2013. Hormonal 
contraception decreases bacterial vaginosis but oral contraception may 
increase candidiasis: implications for HIV transmission. A/DS, 27(13): 


Zoological Research 36(5): 285-298, 2015 297 


2141-2153. 


Veazey RS. 2013. Animal models for microbicide safety and efficacy testing. 


Current Opinion in HIV and AIDS, 8(4): 295-303. 


White BA, Creedon DJ, Nelson KE, Wilson BA. 2011. The vaginal 
microbiome in health and disease. Trends in Endocrinology and 
Metabolism, 22(10): 389-393. 


Witkin SS, Ledger WJ. 2012. Complexities of the uniquely human vagina. 
Science Translational Medicine, 4(132): 132fs11. 


Yildirim S, Yeoman CJ, Janga SC, Thomas SM, Ho M, Leigh SR, 
Consortium PM, White BA, Wilson BA, Stumpf RM. 2014. Primate vaginal 


298  www.zoores.ac.cn 


microbiomes exhibit species specificity without universal Lactobacillus 
dominance. The ISME Journal, 8(12): 2431-2444. 

Zhang ZG, Geng JW, Tang XD, Fan H, Xu JC, Wen XJ, Ma ZS, Shi 
P. 2014. Spatial heterogeneity and co-occurrence patterns of 
human mucosal-associated intestinal microbiota. The ISME 
Journal, 8(4): 881-893. 

Zhang ZG, Zhai HQ, Geng JW, Yu R, Ren HQ, Fan H, Shi P. 2013. Large- 
scale survey of gut microbiota associated with MHE Via 16S rRNA-based 
pyrosequencing. The American Journal of Gastroenterology, 108(10): 
1601-1611. 


ZOOLOGICAL RESEARCH 


A new species of Triplophysa Rendahl (Cypriniformes, 
Nemacheilidae) from Sichuan Province, China 


Si-Li YAN, Zhi-Yu SUN?, Yan-Shu GUO" 


' College of Life Sciences, China West Normal University, Nanchong Sichuan 637009, China 


2 Sichuan Academy of Forestry, Chengdu Sichuan 610081, China 
ABSTRACT 


Triplophysa yajiangensis sp. nov. is described from 
the upper and middle reaches of the Yalong River, 
Yangtze Basin, Ganzi Prefecture, Sichuan Province, 
China. This new species can be distinguished from 
other congeneric species by the following 
characters: body surface smooth and scaleless; 
lateral line complete; caudal peduncle compressed 
and tapered slightly; lower jaw shovel-shaped; 
head shorter than caudal peduncle; dorsal-fin origin 
anterior to pelvic-fin origin and closer to tip of snout 
than to caudal-fin base, last unbranched ray hard; 
pelvic-fin reaches or exceeds anus; posterior 
chamber of gas bladder absent; intestine spiral 
type with 3-5 winding coils. 


Keywords: Cypriniformes; Nemacheilidae; Triplophysa 
yajiangensis; New species; Sichuan Province; China 


INTRODUCTION 


The nemacheilid genus Triplophysa is wide spread on the 
Qinghai-Tibet plateau and in adjacent areas. In total, there are 
126 species of Triplophysa reported, of which 108 occur in 
China (He et al, 2012). Triplophysa can be distinguished from 
other nemacheiline genera by the character combination of 
nostrils close together, posterior wall of the bony capsule of the 
swim bladder present, and sexual dimorphism in which males 
have tubercle-bearing, elevated skin on both side of the head, 
and a thickened tuberculated pad or agglomeration on the 
dorsal surfaces of the broadened pectoral-fin branched rays 
(Yang et al, 2011). 

The Yalong River is the largest left bank tributary of the 
Jinsha River of the upper Yangtze River in Sichuan Province, 
China. From June 2007 to December 2014 we collected 874 
specimens of nemacheilid loaches in the Yalong River basin. 
Comprehensive study of these specimens and detailed 
comparison with species previously recorded from the Yalong 
River (Ding, 1993, 1994; Ding & Lai, 1996; He, 2008; He et al, 
2012; Wu & Wu, 1992; Zhu, 1989) unveiled a new species, 
Which is described herein. 


MATERIALS AND METHODS 


Specimens were captured using a fish trap. The geographic 


coordinates of the specimen collection site were obtained using 
a GPS Garmin eTrex handheld device. Specimens were fixed in 
a 10% formalin solution in the wild, and 5 days were transferred 
into a 5% formalin solution for long term storage. Measurement 
methods followed Wu & Wu (1992) and Prokofiev (2007) and 
were made with digital calipers recorded to its nearest 0.1 mm. 
Lateral head length is from snout tip to the most posterior point 
of the opercle. 

Paratypes KIZ2015001222 (Ganzi 201407007) and 
KIZ2015001223 (Ganzi 201407013) were deposited in the 
collection of the Kunming Institute of Zoology (KIZ), Chinese 
Academy of Sciences. Paratypes Yajiang 201009004 and 
Ganzi 201407003 were deposited in the collection of the 
Museum of Aquatic Organisms at the Institute of Hydrobiology 
(IHB), Chinese Academy of Sciences. The examined 
comparative material, holotype and other paratypes of T. 
yajiangensis were deposited in the Fish Specimen Room of the 
College of Life Sciences, China West Normal University, 
Nanchong, China. Abbreviations used in this paper are: SL, 
standard length; HL, lateral head length. 


RESULTS 


Triplophysa yajiangensis sp. nov. (Figure 1-9) 

Holotype: Yajiang 201009005, male, 106.0 mm SL; Yalong 
River, at lime kiln, downstream of Yajiang City (N29°59'51", 
E101*00'49"; 2 560 m a.s.l.), Yajiang County, Ganzi Prefecture, 
Sichuan Province, China; collected by Yan-Shu GUO on 
September 28, 2010. 

Paratypes: 22 specimens, 69.0-107.0 mm SL; Yajiang 
201009001-004 and Yajiang 201009006 collected by Yan-Shu 
Guo, September 28, 2010; Yajiang 20140601—02 collected by 
Yan-Shu GUO and Jun YANG, June 18, 2014; the collection site 
was the same as that of the holotype. Ganzi 201407001-014, 
Yalong River, at Dajintan Village (N31*36'36", E99°59'29"; 
3 350 m a.s.l.), Ganzi County, Ganzi Prefecture, Sichuan 
Province, China; collected by Yan-Shu GUO, Jun YANG and 
Ming-Hao LUO, on July 17, 2014. Shiqu 20140701, Yalong 
River, at Gemeng Village (N33*12'56", E97°57'41"; 4060 m 
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Figures 1-9 Triplophysa yajiangensis sp. nov. 








1-3, 5: Holotype, Yajiang201009005, 106.0 mm SL, male (1: Lateral view, life coloration; 2: Dorsal view; 3: Ventral view; 5: Ventral view of head); 4: Paratype, 
Ganzi201407001, 107.0 mm SL, female, lateral view, life coloration; 6: Paratype, Ganzi201407006, 101.0 mm SL, male, head; 7-8: Paratype, Ganzi201407009, 
96.5 mm SL, female, intestines (7: Ventral view; 8: Dorsal view); 9: Paratype, Ganzi201407011, 105.5 mm SL, male, air bladder. 


a.s.l), Shiqu County, Ganzi Prefecture; collected by Yan-Shu 
GUO, Si-Li YAN and Ming-Hao LUO, July 21, 2014. 

Diagnosis: Body surface smooth and scaleless; lateral line 
complete; caudal peduncle compressed and tapered slightly; 
lower jaw shovel-shaped; head shorter than caudal peduncle; 
dorsal-fin origin anterior to pelvic-fin origin and closer to the tip 
of the snout than to the caudal-fin base, last unbranched ray 
hard; pelvic-fin reaches or exceeds anus; posterior chamber of 
gas bladder absent; intestine of spiral type with three to five 
winding coils. 

Description: Morphometric characteristics are provided in 
Table 1. Body elongate, predorsally columnar. Caudal peduncle 
compressed and tapered slightly. Body surface smooth and 
scaleless. Lateral line complete with 83-88 pores. 

Snout blunt. Snout length equaled postorbital head length. 
Anterior and posterior nostril located adjacently and close to 
anterior rim of orbital. Mouth inferior. Lips thick and furrowed; 
upper lip without a median incision; lower lip with v-shaped 
central notch; lower lip surface developed, with shallow furrows. 
Lower jaw shovel-shaped, with a sharp edge, not covered by 
lower lip. Three pairs of barbels; inner rostral pair extending to 
corner of mouth, outer rostral pair extending to a vertica through 
anterior margin of eye and maxillary pair reaching a vertica 
through posterior margin of eye. 

Dorsal fin with a concave distal margin, last unbranched ray 
hard. Dorsal-fin origin anterior to pelvic-fin origin and closer to 
the tip of the snout than to the caudal-fin base. Pectoral-fin tip 
exceeds the midpoint between pectoral and pelvic-fin origins. 
Pelvic-fin tip reaches or exceeds the anus. Anal fin has a 
straight distal margin. Caudal fin deeply emarginate, lower lobe 
slightly longer than the upper one, the longest branched ray of 
the lower lobe 1.3 times longer as median rays. 

Gas bladder with an anterior chamber fully enclosed in 
dumbbell-like bony capsule; posterior chamber absent. 
Stomach u-shaped. Intestine long, and of spiral type with three 
to five winding coils. 
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Color pattern in life: Color of the back fawn; lateral side 
grey green or light fawn; abdomen milky white. Eight dark 
brown transverse spots on back and five to eight black spots on 
the side of the body postmedianly. Some individuals have no 
dark brown transverse spots on the back or black spots on the 
lateral side. All fins light fawn. Two to three rows of small dark 
spot on the dorsal fin, three to four rows of small dark spots on 
the caudal fin, a few small dark spots on the pelvic fin. 

Color pattern of preserved specimens: Preserved 
specimens in 596 formalin solution, the back and lateral side 
light gray or fawn, abdomen white or yellow white (Figures 2, 3 
and 6). Some preserved specimens have eight dark brown 
transverse spots on back, five to eight black spots on the side 
of the body postmedianly and 3—4 rows of small dark spots on 
the caudal fin. 

Sexual dimorphism: Upper and lower patch of tubercles in 
pre- and suborbital areas in males; upper patch is a narrow strip 
skewed upwards located sub-antero-orbitally; lower patch is 
triangle-shaped and is located at the base of the maxillary 
barbel in front of the operculum. In males, the first to sixth 
branched pectoral-fin rays possess a patch of tubercles dorsally; 
pectoral-fin is shorter and wider than in females (Figure 6). 

Distribution: Currently known to be distributed in the upper 
and middle reaches of the Yalong River, Yangtze basin in 
Sichuan Province, China (Figure 9). 

Ecology: Inhabits areas close to river banks with slow water 
flow; bottom composed of gravel; submerged waterweeds are 
absent (Figure 10). Algae and aquatic invertebrates were found 
in the stomachs of eight dissected specimens. 

Etymology: The specific epithet is derived from the city of 
Yajiang located at Yalong River, from where the holotype was 
collected. 


DISCUSSION 


Triplophysa yajiangensis can be distinguished from T. orientalis, 
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Figure 10 Map showing the distribution of Triplophysa yajiangensis sp. nov. 





Figure 11 Habitat of Triplophysa yajiangensis sp. nov. 
Yalong River, at lime kiln, downstream of Yajiang City, photograph taken on 
June 18, 2014. 


T. obscura, T. scleroptera, T. pseudoscleroptera and T. 
xichangensis by lower jaw shovel-shaped vs. spoon-shaped 
and posterior chamber of the gas bladder degenerated vs. 
developed (Ding, 1994; Wu & Wu, 1992; Zhu, 1989; Zhu & Wu, 
1981). 

Triplophysa yajiangensis can be distinguished from T. robusta, 
T. angeli, T. leptosoma, T. pseudostenura, T. daqiaoensis, T. 
brevicauda, T. bleekeri, T. xiqiensis and T. pappenheimi by 
lower jaw shovel-shaped vs. spoon-shaped and intestine 
winding spiral type with three to five coils vs. a zigzag loop 
(Ding, 1993, 1994; Ding & Lai, 1996; Guo et al, 2012; He et al, 
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2012; Wu & Wu, 1992; Zhu, 1989). 

In Triplophysa stoliczkae and T. crassilabris, the lower lips are 
divided into two leaves, thin and wide, centrally continuous; the 
dorsal-fin origin is nearer to the caudal fin base than to the tip of 
the snout, the last unbranched dorsal-fin ray is soft; the intestine 
is of the winding spiral type with 4—7 coils. In Triplophysa 
yajiangensis the lower lip has a v-shaped notch in the middle; 
the last unbranched dorsal-fin ray is hard; dorsal-fin origin is 
nearer to the tip of the snout than to the caudal fin base and the 
intestine is of the winding spiral type with three to five coils 
(Ding, 1994; Wu & Wu, 1992; Zhu, 1989). 

Triplophysa yajiangensis, T. stenura and T. lixianensis share 
a shovel-shaped lower jaw, but the caudal peduncle of T. 
stenura and T. lixianensis is round and tapers obviously (Zhu, 
1989; Wu & Wu, 1992; Ding, 1994; He et al, 2008). 

Triplophysa yajiangensis and T. nujiangensa share a shovel- 
shaped lower jaw and the intestine is of the winding spiral type 
with three coils. However 7. yajiangensis can be distinguished 
from T. nujiangensa by predorsal length 43.5%—48.3% of SL vs. 
71.196—77.296, last unbranched dorsal-fin ray hard vs. soft and 
pelvic-fin tip reaching anus vs. not reaching anus (Chen et al, 
2004). 

Triplophysa yajiangensis can be distinguished from T. 
tanggulaensis by predorsal length/SL 43.5—48.3 vs 47.0-55.0 
and head shorter than caudal peduncle vs. longer than caudal 
peduncle (Zhu, 1989). 

Triplophysa yajiangensis can be distinguished from T. 
brevibarba (and its junior synonym T. ding Prokoview, 2010) by 
head length 81.5%—92.3% of caudal-peduncle length vs. 


107.1%—128.6%, dorsal-fin origin nearer to the tip of the snout 
than to the caudal-fin base vs. vice versa and rakers on the 
inner side of the first branchial arch 13-15 vs. 21—23 (Table 1, 
Figures 12—14) (Ding, 1993; Prokofiev, 2010). 

Triplophysa | yajiangensis closely resembles T. 
markehenensis, but can be distinguished from by the 
posterior chamber of the gas bladder being absent vs. 
developed (diameter 4-5 mm), head length 81.596—92.396 of 
caudal-peduncle length vs. 104.796—125.096, and dorsal-fin 
origin nearer to the tip of the snout than to the caudal fin base 


Table 2 Distribution of Triplophysa in the Yalong River basin 


Distribution 


Species (Rang of altitude) (m) 


vs. vice versa (Table 1, Figures 15—17) (Zhu & Wu, 1981; Zhu, 
1989; Wu & Wu, 1992). 

Triplophysa yajiangensis can be distinguished from T. 
anterorsalis by head length 81.5%—92.3% of caudal-peduncle 
length vs. 103.1%-—140.0%, last unbranched dorsal-fin ray hard 
vs. soft, caudal-fin deeply emarginate vs. emarginate and 
intestine of spiral type with three to five winding coils vs. a 
zigzag loop (Table 1, Figures 18—20) (Zhu, 1989). 

Distribution of nemacheilid loaches in the Yalong River basin 
is provided in Table 2. 


Distribution 


Species (Rang of altitude) (m) 





T. stoliczkae Upper reaches of Yalong River. 


(3 000-4 700) 


T. orientalis Upper reaches of Yalong River. 


(3 000-4 700) 


T. leptosoma Upper reaches of Yalong River. 


( 3 000-4 100) 


T. yajiangensis sp. nov. Upper and middle reaches of Yalong River. 
(2 400-4 100) 


T. pseudostenura Upper and middle reaches of Yalong River. 


(2 400-3 500) 


T. daqiaoensis 


T. brevibarba 


T. xichangensis 


T. brevicauda 


Middle reaches of Yalong River, upper 
reaches of Anning River. (1 600-2 800) 


Anning River and Yalong River estuary. 
(900-1 700) 


Upper reaches of Anning River. 
(1 700-2 200) 


Upper reaches of Litang River. 


(3 800-4 500) 

T. bleekeri Lower reaches of Yalong River and Anning 
River. (900-2 300) 

T. stenura Lower and middle reaches of Yantang River. 


(2 000-2 300) 





Figure 12-20 Triplophysa brevibarba, T. markehenensis and T. anterodorsalis 

12-14: T. brevibarba (12: Mianning201112079, 92.5 mm SL, male, lateral view, life coloration; 13: Ventral view of head; 14: Intestines, ventral view); 15-17: T. 
markehenensis (15: Banma201108021, 83.2 mm SL, male, lateral view, life coloration; 16: Ventral view of head; 17: Intestines, ventral view); 18—20: T. 
anterodorsalis (18: Huidong201112066, 69.2 mm SL, male, lateral view, life coloration; 19: Ventral view of head; 20: Intestines, ventral view) 
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A key to the species known to occur in the Yalong River is as 
follows: 
1a. Lower jaw is shovel-shaped ROUTINES 2 
1b. Lower jaw is spoon-shaped --- 
2a. Caudal peduncle round -------- 
2b. Caudal peduncle not round esa apena nrar uN TKANEK NEANS 3 
3a. Last unbranched dorsal-fin ray hard; dorsal-fin origin is 
nearer to tip of snout than to caudal fin base; intestine 
winding spiral type three coils ------- T. yajiangensis sp. nov. 
3b. Last unbranched dorsal-fin ray soft; dorsal-fin origin is 
nearer to caudal fin base than to tip of snout. «eee 4 
4a. Lower lip is divided into two leaves, thin and wide, 
centrally continuous; intestine helix with four to seven 
coils--................................................................ T. stoliczkae 
4b. Lower lip has a v-shaped notch, lower lip surface is 
developed and has furrows; intestine helix with three 
coils---............................................................. T. brevibarba 
5a. Posterior portion of gas bladder developed ----- Q... 6 
5b. Poster portion of gas bladder greatly degenerated or 
absent--:............................................................................. 7 
6a. Posterior portion of gas bladder constricted medially; 
pelvic-fin tip reaches or exceeds the anus ----- T. orientalis 
6b. Posterior portion of gas bladder without medial constriction, 
appearing cylindrical; pelvic-fin tip does not reach the 
anus rect eee ................................................... T. xichangensis 
7a. Caudal peduncle tapers towards caudal fin -+ 8 
7b. Caudal peduncle depth to caudal fin direction unchanged 





8a. Pelvic-fin origin is anterior to dorsal-fin origin; pelvic-fin tip 
does not reach the anus; caudal fin forkedT. pseudostenura 
8b. Dorsal-fin origin is anterior to pelvic-fin origin or is relative; 
pelvic-fin tip reaches or exceeds the anus; caudal fin 
emarginated mmm T. leptosoma 
9a. Pelvic-fin origin is anterior to dorsal-fin origin; pelvic-fin tip 
does not reach the anus sas. T. daqiaoensis 
9b. Dorsal-fin origin is anterior to pelvic-fin origin; pelvic-fin tip 
reaches the anus------mBBBMBBeeeeeIBeeÜnl 10 
10a. Head length is equal to the caudal-peduncle length--------- 
"UEM T. brevicauda 
10b. Head length is longer than the caudal-peduncle length --- 
OCDE PETERE TE CELCEIE EO TTT ERGERCEIL EIE TES T. bleekeri 


Comparative materials 

T. Sstoliczkae. | Shiqu  YalongJiang  201106001—023, 
201407016-029, Yalong River basin, Shiqu County, Ganzi 
Prefecture, Sichuan Province, China. 

T. orientalis. | Shiqu — YalongJiang — 201106031—039, 
201108047-055, Yalong River basin, Shiqu County. 

T. leptosoma.  Shiqu  YalongJiang — 201106040—59, 
201407030-055, Yalong River basin, Shiqu County. 

T. pseudostenura. Ganzi 68051-052, 201407013-016, 
Yalong River, Ganzi County, Ganzi Prefecture. 

T. daqiaoensis. Mianning 201112001—036, 201406047-—066, 
Upper Anning River, Mianning County, Liangshan Prefecture, 
Sichuan Province; Shiqu JinshaJiang 201207001—038, Jinsha 
River basin, Shiqu County. 

T. brevicauda. Litang 201009001-026, 201406001-—033, 
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Upper Litang River, Litang County, Ganzi Prefecture; Deqin 
201008042-043, Lancang River, Deqin County, Yunnan 
Province, China. 

T. xichangensis. Mianning 201112048—56, 201401001—026, 
Upper Anning River, Mianning County. 

T. brevibarba. Mianning 199705001—008, 201112070-087, 
Anning River, Mianning County. 

T. stenura. Yanyuan 201412010-051, Yantang River, Yanyuan 
County, Liangshan Prefecture; Shiqu JinshaJiang 201207039- 
082, 201407001-004, Jinsha River basin, Shiqu County. 

T. bleekeri. Mianning 201112037-069, 201406001—046, 
Anning River, Mianning County; Yaan 2008010001—016, Qingyi 
River basin, Yaan City, Sichuan Provinc. 

T. markehenensis. Banma 201108001—026, Maerke River, 
Banma County, Qinghai Province, China; Aba 201108001—019, 
Maerke River, Aba County, Aba Prefecture, Sichuan Province. 

T. anterodorsalis Huidong 201401001—026, Jinsha River 
basin, Huidong County, Liangshan Prefecture. 
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Establishment and characterization of an astroglial cell 
line derived from the brain of half-smooth tongue sole 


(Cynoglossus semilaevis) 


Tian-Zi WANG", Ai SUN'?, Na WANG", Zhong-Kai CUI', Song-Lin CHEN" , Zhen-Xia SHA" 


' Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China 
? Function Laboratory for Marine Fisheries Science and Food Production Processes, National Lab for Ocean Science and Technology, 


266003, China 
ABSTRACT 


An astroglial cell line was established from the brain 
of half smooth tongue sole (Cynoglossus semilaevis) 
and was designated as CSAC. CSAC shows the 
morphological homogeneity of epithelial cells. The 
cell identity was tested by the presence of glial 
fibrillary acidic protein (GFAP), which was revealed 
by RT-PCR and immunofluorescence. The cell line 
was optimally maintained at 24 °C in minimum 
essential medium supplemented with HEPES, 
antibiotics, 20% fetal bovine serum, 2- 
Mercaptoethanol (2-Me) and basic fibroblast growth 
factor. Chromosome analysis revealed that the 
CSAC cells maintained a normal diploid chromosome 
number (2n=42). The fluorescent signals were 
observed in CSAC after the cells were transfected 
with green fluorescent protein (GFP) reporter 
plasmids. The CSAC cell line may serve as a 
valuable tool for studies on the potential functions of 
fish astroglial cells. 


Keywords: Half-smooth tongue sole; Cynoglossus 
semilaevis; Brain astroglial cell 


INTRODUCTION 


The brain of fish retains a higher capacity to grow and 
regenerate compared with the mammalian central nervous 
system (Schwartz et al, 1985). Astrocyte in fish have long 
processes and occur as radial glial cells in most of the central 
nervous systems, which are different from those of mammals 
(Dahl & Bignami, 1973; Grupp et al, 2010; Kalman, 2002). 
Astrocytes react to brain diseases and injuries by forming a glial 
‘scar’, which is thought to keep the neuronal environment stable 
(Yiu & He, 2006). It had been reported that the accumulation of 
aggregated amyloid-8 (AB) in amyloid plaques is a 
neuropathological hallmark of Alzheimer's disease (AD) in 
humans. Reactive astrocytes can intimately be associated with 
amyloid plaques (Mack & Tiedemann, 2013). In mice, the 
astrocytic dopamine D2 receptor (DRD2) modulates innate 
immunity through aB-crystallin (CRYAB), which suppresses 


neuroinflammation (Shao et al, 2012). In fish, the role of 
astroglial cells in immunity and brain injure repair is still 
unknown. Cell lines devote systems which are similar with in 
vivo environments, thus, they can be widely used in fish 
developmental biology, immunology (Clem et al, 1996), virology 
(Lu et al, 2004; Ruiz et al, 2009; Wei et al, 2009), toxicology 
(Oh et al, 2001), physiology (Fan et al, 2007; Rodea et al, 1997; 
Wang et al, 2004), carcinogenesis (Salinas et al, 2008), 
transgenic applications (Fan & Collodi, 2002) and others. An 
astrogilial lineage cell line was established from the orange- 
spotted grouper (Epinephelus coioides) to study viral pathology 
and epidemiology (Wen et al, 2008). However, there is no 
established astrogilial cell line in flatfish. 

The half-smooth tongue sole (Cynoglossus semilaevis) is an 
important economic marine fish in China. Several of its 
established cell lines have been widely used in virology and 
transgenic applications (Wang et al, 2010; Zhang et al, 2011; 
Zheng et al, 2012). The establishment of CSAC serves as a 
useful tool for the studies of fish astroglial cells. 

The green fluorescent protein (GFP) gene experiment 
showed that CSAC can function as foreign gene expression 
receptors. It was assumed that the morphological homogeneity 
of CSAC is associated with the adding of 2-Me and bFGF, and 
the latter was confirmed as a possible neural-inducing 
morphogen ( Kengaku & Okamotq, 1995). 


MATERIALS AND METHODS 
Primary cell culture and subculture 


A one-year old half smooth tongue sole weighing 150 g was 
obtained from  SanXin Fisheries Company in Changyi, 
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Shandong Province, China and was disinfected with 7596 
ethanol for 2 minutes. The brain was taken and transferred to a 
dish, washed three times with phosphate-buffered saline (PBS) 
containing antibiotics (penicillin, 1 000 IU/mL; streptomycin, 
1 000 ug/mL), and minced with scissors into small pieces (1 
mm?), and digested with 1 mL of 0.2% Collagenase Il for 15 min. 
The contents were centrifuged at 2 200 g for 3 min, seeded into 
the 25 cm? culture flasks. The pellet was suspended in 1 mL of 
MEM complete medium. The components of the medium were 
20 mM HEPES, pH 74A, antibiotics (penicillin, 100 U/mL; 
streptomycin, 100 mg/mL), 2096 FBS (Gibco), 2 ng/mL bFGF 
(Invitrogen, human, recombinant), 50 mmol/mL 2-Me (Gibco). 
The cultures were incubated at 24 °C in an incubator set. The 
next day, 2 mL of new growth medium was added to the flasks. 
Monolayers of primary cells formed after 10 days of culture. 

Primary cultures were digested with 0.2596 trypsin-EDTA 
solution (Sigma) into single cells and transferred into another 
fresh 25 cm? flask at a split ratio of 1:2 for subculture. Cells 
were initially maintained in MEM with 20% FBS. After 20 
passages the concentration of FBS in MEM was reduced to 
1096. Half of the medium was changed every two days. To date, 
CSAC cell line has been subcultured for more than 56 
passages. 


Optimal conditions 

To analyze the effect of temperature on the proliferation of the 
cells, the CSAC cells were inoculated in a 12-well plate at an 
initial density of 2x10? cells/mL at 15 °C, 20 °C, 24 °C and 30 °C, 
respectively. After 2, 4, 6 and 8 days, the cells were trypsinized 
and counted microscopically via a hemocytometer. The effect of 
FBS concentration on cell growth at 24 °C was evaluated in 12- 
well plates for CSAC. The cells were incubated in MEM 
containing 596, 1096, 20% and 25% FBS and incubated at 24 °C. 
The cells were collected every two days for 10 days and 
counted for three times in triplicate. 


Cryopreservation and recovery of cells 

Cells at approximately 9096 confluence were trypsinized and 
centrifuged at 1 200 g for 3 min. The collected cells were 
suspended at a density of 2x10? cells/mL in pre-cold (4 °C) 
MEM complete medium containing 10% dimethyl sulphoxide, 
20% FBS. Cells were dispensed into the 1.8 mL sterile plastic 
vials, which were put in a styrofoam box, incubated at -80 °C 
overnight and transferred into liquid nitrogen for cryostorage. 
The vial containing frozen cells from liquid nitrogen was 
thawed at 42 °C for 1 min, agitated gently until the cells were 
dissolved and centrifuged at 2 000 g for 2 min. The cells were 
suspended in fresh MEM and seeded into a 25 cm? cell 
culture flask. 

Chromosome analysis 

CSAC cells at passage 28 were inoculated into 25 cm? culture 
flasks and incubated at 24 °C for 20 h. The cells were dosed 
with colchicine (0.1 ug/mL) for 3 h in 25 cm’ culture flasks and 
harvested by centrifugation (1 000 g, 5 min). The collected cells 
were suspended in 10 mL hypotonic solution of 0.075 M KCI for 
25 min at 24 °C and then premixed for 15 min in 3 mL of cold 
Carnoy's fixative (methanol:acetic acid=3:1) by centrifugation (1 
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000 g, 5 min). The cell pellets were fixed two times in 2 mL cold 
Carnoy's fixative, 15 min for each time. After the second 
centrifugation, cells were resuspended in 0.2-0.5 mL Carnoy's 
fixative according to the size of the cell pellet. Slides were 
prepared using the conventional drop-splash technique 
(Freshney, 1994) and then air dried. Chromosomes were 
stained with 5% Giemsa for 20 min. Finally, chromosomes were 
observed and counted microscopically. One hundred 
photographed cells at metaphase were counted, and 
chromosome karyotype was analyzed according to the reported 
method (Levan, 1964). 


Cell transfection with pEGFP-N; 

CSAC cells cultured in 12-well plate at approximately 8096 
confluence were transfected with pEGFP-N3 express vector 
using Trans (TIANGEN). In brief, 3 uL Trans was added into a 
0.5 mL centrifuge tube containing 50 uL MEM without FBS and 
antibiotics. Meanwhile, 4 uL pEGFP-Ns mixed with 50 uL MEM 
without FBS and antibiotics in a 0.5 mL centrifuge tube, 
respectively. After 5 min, the two solutions were mixed and 
interacted for 20 min. During this period, the cells were washed 
twice with PBS, and the medium was replaced with MEM 
without FBS and antibiotics; subsequently, the aforementioned 
mixtures were dropped into the wells and cultured at 24 ?C for 5 
h and the medium was replaced with normal medium. The 
green fluorescence signals were observed under a 
fluorescence microscope (Nikon Eclipse TE2000-U). After a 48 
h incubation, more than 15% cells were observed green 
fluorescence signals. 


Immunochemical characterization 

Cultures were fixed in cold (4 °C) methanol for 10 min. To label 
astrocyte cells, antibodies were applied directed against glial 
fibrillary acidic protein (GFAP) isolated from bovine spinal cord 
(Invitrogen, rabbit polyclonal, diluted 1:100). Following a 
washing step with PBS after fixation, cells were treated with 
pre-incubation solution containing 196 bovine serum albumin in 
PBS at room temperature for 60 min. Afterwards primary 
antibodies were diluted in PBS and were detected by incubation 
with donkey anti-rabbit secondary antibodies (Molecular Probes, 
Invitrogen) for 0.5 h at room temperature. Cells were 
subsequently washed and the fluorescence signals were 
observed under a fluorescence microscope (Nikon Eclipse 
TE2000-U). 


RT-PCR analysis of the expression of GFAP 

Total RNA in CSAC cells at passages 40-45 was isolated for 
RT-PCR using Trizol (ambion). The concentration and purity of 
RNA were determined by measuring the absorbance at 260 nm 
and 280 nm, respectively. RNA (3 ug or 3 uL per sample) was 
used to generate cDNA using the PrimeScript™ RT reagent kit 
with gDNA eraser (Perfect Real Time, TaKaRa). Primers were 
designed (F: 5-TCCAAGTTCGCTGACCTGACNGAYGCNGC- 
35 R: 5-CTACAGGTGTCGAGCCATNYNYTC-3) using Consensus- 
Degenerate Hybrid Oligonucleotide Primer (CODEHOP), from 
crusian carp (Carassius auratus, L23876.1), white rhinoceros 
(Ceratotherium simum simum, XM 004432578.1), painted turtle 


(Chrysemys picta bellii, XM 005282866.1), wild common carp 
(Cyprinus carpio, S66473.1), zebra fish (Danio rerio, 
AY151284.1), saker (Falco cherrug, XM_005447001.1), jungle 
fowl (Gallus gallus, XM_418091.4), gecko (Gekko japonicas, 
GU045301.1), the house mouse (Mus musculus, NM_00113- 
1020.1), nile tilapia (Oreochromis niloticus, AB109167.1), 
medaka (Oryzias latipes, | XM 004071186.1), cichlid 
(Pundamilia nyererei, XM 005726223.1) and fugu (Takifugu 
rubripes, XM. 003964955.1). 

PCR amplifications were performed using DNA Taq™ 
(TaKaRa). cDNA (1 uL), 1 umol each of the forward and reverse 
primers, and 13 uL of Master Mix were added to a 0.2 mL thin- 
wall PCR tube. The reactions were performed as the following 
steps: 32 cycles of denaturation at 95 °C for 30 s, annealing at 
53 °C for 30 s, and extension at 72 °C for 40 s, ending with a 
final extension at 72 °C for 5 min. PCR products were 
electrophoresed on a 196 agarose gel. The observed sizes 
corresponded to the predicted values were cut from the 
agarose and then purified with Gel DNA Recovery kit (ZYMO) 
according to the manufacturer's protocols. Sequencing of the 
DNA fragments was performed commercially (BGI, Beijing, 
China) Sequences were identified using BLASTN (http: 
IIwww.ncbi.nlm.nih.gov/blast/Blast.cgi). 


RESULTS 


Primary cell culture and subculture 

A monolayer of primary cultures was obtained from the brain of 
half- smooth tongue sole at 10 day after tissue adherence. 
From passage 20 onwards, the cells showed with uniform 


configuration with large body and long protuberances (Figure 1). 


The cells were subcultured at 3-4 day intervals during the initial 
20 passages and were then subcultured every 7 days. 


Optimal conditions 
The passage 33 was cultured under four different temperatures. 
CSAC showed tolerance to temperatures from 15 °C to 30 °C 
and exhibited optimal growth temperature at 24 °C (Figure 2A). 
During the first 48 hour, CSAC cells had a similar proliferation 
in MEM with 596 FBS and 1096 FBS. The highest growth rate 
was obtained in the medium with 2096 FBS. The cell number 
reached 12x10? cells/mL after 8 days. Cells in MEM with 2596 
FBS decreased dramatically in limine probably because the 
high concentration of FBS was harmful to the cells and caused 
the death of cells (Figure 2B). Similar effects were not found in 
other lower concentrations of FBS. 


Chromosome analysis 

At passage 22, the chromosome number of the CSAC cells was 
ranged from 32 to 56. Heteroploidy was observed in the cell line 
(Figure 3A). The modal chromosome number was 42 (6096 of 
the counted metaphase cells (n=100)) (Figure 3B). 


Cell transfection with pEGFP-N3 

Clear and strong green fluorescent signals were detected after 
the CSAC cells were transfected with pEGFP-N3 reporter 
genes at 48 h (Figure 4). With the percentage of transfection 





Figure 1 CSAC Cell line derivation 

A: Brain cells primary culture at day 3; B: Cells at passage 35; C: Cells at 
passage 40; Cells in serial culture exhibited an epithelio-like phenotype; Scale 
bars=100 um. 


reached 15%, the CSAC was proved to be suitable for 
transfection. Green signals were observed in transfected CSAC 
cells using pEGFP-Ns vector DNA. 


Immunochemical characterization 

At passage 35, the cultures were tested by immunohistochemical 
stains, which revealed that the cells were positive for GFAP 
albeit with high intensities, and were identified as astrocyte cells 
(Figure 5). 


Specific gene expression of GFAP 

The size of purified DNA fragments from the CSAC cell line 
used for sequencing was corresponded with the predicted 
values. The nucleotide sequences were deposited in GenBank 
(Access Number: KF912949) (http: //www.ncbi.nlm.nih.gov/Gen 
bank/index.html). 

The BLAST program revealed that the nucleotide sequences 
of GFAP had 83%, 82%, 82%, 81% and 81% identities with that 
of the medaka (XM_004071186), (XM_003964955), nile tilapia 
(XM_003441987), cichlid (XM_005726223) and zebra mbuna 
(Maylandia zebra) (XM_004552438), respectively. 


DISCUSSION 


To isolate astroglial cells from the brain of fish is difficult due to 
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Figure 2 Growth curve of CSAC cell line in different temperature 
(A) and different concentrations of FBS (B) 


the relatively low numbers of glial cells and the small size of the 
brain. Only a few studies attempted to take fish astrocytes in 
culture (Frjd et al, 2002). Mack & Tiedemann (2013) set up 
primary cultures from brain tissue of mature cichlid fish 
(Astatotilapia burtoni) to study fish astroglial cells in 
hypoosmotic conditions and their growth during axonal 
elongation but the cells were only passaged for several 
generations. In this study, we established a cell line designated 
as CSAC from the brain of half-smooth tongue sole. The results 
indicate that CSAC is an astroglial lineage cell line. CSAC has 
brain origin; shows the morphological homogenization of 
epithelial cells; and expresses a unique intermediate filament 
molecular marker of astroglial cells, GFAP ( Kalman, 1998). 

The half-smooth tongue sole has high economic values and 
survive under the temperature ranging from 3.5 °C to 32 °C. 
CSAC grows in a wide temperature range with an optimum 
growth at 24 °C and has the potentiality of isolating both warm 
and cold water fish virus. CSAC keeps proliferating with the 
FBS concentration reduced from 20% to 5% and showed 
optimal growth at the concentration of 20%. The result is in 
accordant with that of the other half smooth tongue sole cell 
lines (Wang et al, 2010; Zhang et al, 2011; Zheng et al, 2012). 

The transfection efficiency of CSAC suggests that the CSAC 
could be used as an in vitro system to study the exogenous fish 
astrocyte cell functions. Comparing with the mixed cell 
morphology of the previously studied other fish brain cell lines, 
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Figure 3 Chromosome analysis of the CSAC cell line 

A: Diploid karyotype of CSAC cells at passage 22 (the female specific W 
chromosome is shown); B: Chromosome number distribution (the main 
chromosome number was 42). 





Figure 4 GFP expression of the CSAC cell line 
Scale bars=100 um. 





Figure 5 CSAC cells in culture (A) with glial markers revealed 
expression of glial fibrillary acidic protein (GFAP, green) (B) 
Scale bars=100 um. 


the homogenized cell morphology of CSAC may be affected by 
2-Me and bFGF (Wen et al, 2009; Wen et al, 2010). 

In conclusion, a new cell line designated as CSAC was 
derived from the brain of half smooth tongue sole. As the first 


neurogenic cell line of flatfish, CSAC would be useful in 
studying fish nervous-related gene function, especially with the 
accomplishment of whole genome sequencing of half-smooth 
tongue sole. 
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Kunming Institute of Zoology, Chinese Academy of Sciences, acquires GLP certification 
from the CFDA 


The Center for Drug Safety Evaluation from the Kunming Institute of Zoology (KIZ) acquired Good Laboratory 
Practice (GLP) Certification from the China Food and Drug Administration (CFDA) on June 30, 2015. This is the 
second pre-clinical safety evaluation organization to have obtained GLP Certification in the Yunnan Province and 
within the Chinese Academy of Sciences, and is also the first GLP center to have qualification for toxicokinetics 
testing in Yunnan. 

In the 1950s, KIZ established the first nonhuman primate artificial domestication and breeding center in China. 
In 2008, it became the first organization in Yunnan and within the Chinese Academy of Sciences to obtain 
certification from the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC), and 
currently houses some 5,000 nonhuman primates, including rhesus monkeys, machin monkeys and tree shrews. 
In recent years, the KIZ has made considerable progress and achievement in nonhuman primate models of 
major human diseases, including HIV, diabetes, Alzheimer's disease, learning-memory, mother-baby separation, 
morphine-addiction, breast cancer, and tristimania. In addition, the KIZ has developed many hemostasis, 
analgesia, anti-thrombus, anti-infection, antioxidant, and anti-neoplastic prodrugs, and obtained new drug 
approval documents from the CFDA. 

The Center for Drug Safety Evaluation was established in 2012, and was structured to include complete quality 
management systems and enhanced software and hardware levels based on the "Kunming National Biological 
Industrialization Base, Experimental Animal Center" of the National Development and Reform Commission. The 
center has engaged in drug pharmacology and toxicology studies using nonhuman primates, and has 
accumulated significant experience in GLP and non-GLP tests. 

With GLP Certification, the KIZ will develop a complete new drug research technology chain, and provide a 
convenient, efficient and reliable technology platform for new drug research and pre-clinical safety evaluation for 
the Chinese Academy of Sciences and medical industry. The KIZ will also fulfil a significant role in promoting 
independent research and development of innovative drugs, and undertake major national projects and social 
services for the Chinese Academy of Sciences and Yunnan Province. 
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